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REPORT OF THE HOHENSTEIN BOILER" AND 

"LIQUID FUEL" BOARDS. 



INTRODUCTORY. 

While the extended series of tests for determining the relative 
value of coal and liquid fuel for naval purposes were conducted 
and completed during the incumbency of Rear- Admiral George W. 
Melville, as Chief of the Bureau of Steam Engineering, the prepara- 
tion of the report has been in progress since the accession to office 
of Rear-Admiral C. W. Rae as Engineer in Chief of the Navy. 

As the Bureau of Steam Engineering has been exceedingly desirous 
of having the report embrace complete and reliable information as to 
the development of oil fuel installations, the Fuel Board therefore 
made special eflfort to note the progress made to date and thus to 
make the report of value to all interested in the use of liquid fuel 
for either manufacturing, marine, or naval purposes. 

Special attention is called to the fact that the cost involved in the 
installation and operation of the experimental boiler plant, combined 
with the direct and indirect expenditure incurred by individuals and 
the Navy Department in conducting the extended series of tests prob- 
ably represents the largest outlay ever heretofore incurred by either 
private, corporate, or official interests in the thorough investigation 
of the important problem of determining the possible future field for 
the use of crude petroleum as a fuel. 

Navy Department, 

WashmgUrn^ J>, C,^ Aaguttt i, 190 Jf,, 



Department of the Navy, 
Bureau of Steam Engineering. 
Sir: The undersigned, appointed a board to conduct an extended 
series of tests to determine the merits of the Hohenstein water-tube 
boiler as a steam generator of approved type for ships of war, and for 
investigating the relative value of coal and oil as a fuel for naval pur- 
poses, submits the following report: 
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4 NAVAL "LIQUID FUEL REPOBT. 

The wateT-tubc5 lK)iler ased during these tests wa?* of the struight 
large tulie type, and wan built to conform to the requirements of 
weight, capoeit}', and Hpaee occupied by one unit of the boiler installa- 
tion of cruiners of the I)env^ chwr^. Each unit of the boiler installation 
of vesHeln of the Denver class is required under forced draft of 1-inch 
water pre«Hure, and under 275 pounds steam pressure, to evaporate 
lii,^KK) pounds of water per hour under actual steaming conditions. 
On the lias is of 16 pounds of water per indicated horsepower per 
hour there would thus be developed for main engines and circulating 
pum{)s al>out 15 I. II. P. per hour per square foot of grate surface, a 
requirement that is not exceeded by any other installation of straight 
large tul>e type of boiler in the United States Navy. When using 
forc^ draft during both coal and oil tests this designed capacity was 
greatly and repeatedly exceeded without detriment to the tubes and 
drums, and therefore speaks well for the efficiency and endurance of 
the design and workmanship of the Ixiiler under test. 

As comparative data is of the greatest practical value in affording 
infoimation or det(»rmining resulL*i, it should lie stated that coal was 
the fuel used from April 28, 1901, to January 11, 1902, when deter- 
mining the evaporative efficiency, capacity, reliability, and endurance 
of the design of the experimental l>oiler. 

A careful study of the data and summar\' of the coal and oil tests 
ought thus to furnish comparative and reliable information, and enable 
marine-lwiler designers, as w(»ll a.s all having a direct interest in the 
boiler problem, to note; for themselves the relative advantages and 
disadvantages of the two kinds of fuel when tested under as nearly 
similar conditions as cx>uld jx>ssibly be secured. 

OKNKKAL DIMENSIONS OK THK HOHENSTEIN BOILER USE!) YXIK < ON- 

DVAmSii THK COMPARATIVE TESTS. 

hruuiH, Then; an; six steam drums, forming a double hollow par- 
allelopi[K;don. There is a front drum, 24 inches in diameter: a rear 
drum, 24 inches in diameter, and four connecting drums, each l^J 
in('h(;s in (iiamet(;r. There is also a lower rear mud drum 24 inches in 
diafnet4;r. 

TiJhM, There are sixteen 4-inch tubes 7 feet long, three hundn^d 
and eighty-four 2-inch tulH;s 9 feet long, and fifteen 5-inch downtake 
tulH»s, whi<'li an; connected to the rear steam drum and to the uuid 
drum. 

Ilent'uuj and (J rate surf ace, — There are 2,130 s(|uare feet of heating 
Hurfa(u; and 50.14 s(iuare feet of grate surface. Ratio of heating sur- 
tfMCAS to grat<^ surface, 42.5 to 1. 

FItHtr H/Hict', Nine feet wide, li) feet llj inches deep. 

Ilt'iyht aver all, — Twelve feet Of inches. 
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DETAILS OF EXPERIMENTAL BOILER. 5 

Vohime^. — Water at steaming level, 142 cubic feet; steam space, 
50 cubic feet; furnace volume alx)ve grate bars, 121.14: cubic feet. 
Weightii, — Boiler and fittings, excluding uptake and smoke pipe: 

Pounds. 

With water 54, 127 

Without water 46, 668 

Per square foot of heating surface at steaming level and at 275 
pounds pressure: 

Pounds. 

With water 25. 4 

Without water 21. 8 

Water per square foot grate surface 1 , 080 

Ratios, — Area of grate to area of air spaces (average for all the 
tests with coal), 1 to 0.57. 

Measurements of smokestack, — Height of stack al>ove the grate, 70 
feet; cross section of smokestack, 8.73 square feet; i-atio of smoke- 
pipe area to grate area, 1 to 5.75. 

SPECIAL CHARACTERISTICS OF THE EXPERIMENTAL BOILER. 

Driim^, — The arrangement of the drums provides for a large body 
of water within them, thus affording a marked steadiness of water 
level. The design of these drums likewise secures a large steam- 
liberating area, as well as a space above the water level sufficient to 
insure unusual dryness of steam. 

An*angeme7it of tubes, — A most noteworthy feature of the boiler is 
the arrangement of the tubes in pairs, in such a way that each tube is 
free to expand independently of other tubes, thus effectually prevent- 
ing longitudinal stresses. The tubes, instead of being expanded into 
rigid headers at both ends, are so arranged that at least one end of 
each tube is expanded into a junction box. 

There are two sizes of tubes. Sixteen of these tubes are 4 inches in 
diameter, arid are the ones which are subjected to the greatest heat and 
stmin. These large tubes are expanded into a mud drum at the rear 
end, the drum being of sufficient size, however, to permit a man to 
enter either to make examination or repairs. It requires but the 
removal of a single plug either to examine or to clean any large tube. 

There are 384 2-inch tubes whose ends are expanded into junction 
boxes. The removal of these tubes was easil}^ effected, a test of the 
time and difficulty attending this operation having been exacted during 
the experiments by the Board. 

There are fifteen 5-inch downcast tubes. The comparative sectional 
areas of generating tubes and of downcasts is such that the carrying 
capacit}^ of the latter is more than ample to supply the geneiuting 
tubes. There is room between the downcast tubes and the rear set of 
junction boxes for a man to enter to remove plugs and cut out the 
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AUXILIARIES OF THE EXPERIMEMTAL BOILER. 7 

tubes, thus permitting for naval construction the downcast tubes to 
be placed quite close to the athwartship bulkheads. 

Junction boxes. — In each element or cycle of tube arrangement there 
is but one junction box to impair the flow of circulation. As it will 
undoubtedly be found that in every form of straight water- tube 
boiler there will be buckling of the tubes in case some provision is not 
made for allowing for expansion, the introduction of a single junction 
box should have important advantages. Such a junction box is free 
to accommodate itself to an}^ irregularities due to the expansion or con- 
traction of the tubes. It was observed during one of the fuel-oil tests 
that when the front casing was removed and fires lighted under the 
cold boiler that the displacement of one of the lower front junction 
boxes did not exceed one-eighth of an inch in the vertical plane. 

Efficiejicy of the composition jditgs, — Opposite every tube end, com- 
position plugs have been fitted in the junction boxes. These plugs 
are of two sizes, 2| inches and 4i inches in diameter, with, respectively, 
Hi and 8 threads per inch. The threads are lubricated with graphite. 
Some of the plugs are made with tapering threads, and depend for 
tightness on these threads alone. It was thought that the relative 
high coeflBcient of expansion of the composition plug w^ould cause the 
plug to be tight under steam, and easily removable when cold. It was 
found necessary, however, to cut out some of these plugs when it was 
desired to examine the tube, thus showing that the composition when 
expanded had taken a permanent set, somewhat resembling cast iron 
in this respect. 

The plugs with parallel threads were packed, under the narrow 
flange at the end, with Merwath gaskets. These gaskets consist of con- 
centric copper and lead rings soldered together. The plugs secured 
in this way were easily removed and found to be tight under prcvssure. 

Character of the circulation, — Attention is called to the fact that 
the entire down flow of circulation takes place within the 5-inch verti- 
cal tubes (see Fig. la), which are located in a comparatively cool place, 
while, on the other hand, there is invariably an upward trend to the 
circulation in all horizontal tubes and headers exposed to the hot 
gases. It is highly improbable that there are reverse currents at any 
part of the water circuit. The feed water is introduced at the top of 
the downtake tubes, which is obviously the best possible place as 
regards influence on the circulation. At the same time the head due 
the velocity of the feed water is augmented by means of injector 
nozzles pointing in the direction of the flow. 

GENERAL ARRANGEMENT OF THE AUXILIARIES OF THE EXPERIMENTAL 

PLANT. 

Air 'tight steel structure. — The boiler was erected in a steel structure 
built especially for these tests. The following are the general dimen- 
sions of this air-tight building: Floor space, 16 feet b}^ 24, and 
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height, 14 feet. There wa.s an air lock for entranc*e and exit during 
forced-draft trials. There were seven windows fitted that could be 
openeil during natural-draft trials. 

VoNtj/rtMforH. — There was a Root blower (Xo. 3 size) driven by a 
direct connected engine 8 bv inches which was capable of delivering 
H cubic feet of free air per revolution, at pressures ranging from f 
pounds to 5 pounds per square inch. There was also a Kand air com- 
pressor of the very latest design capable of giving pressures up to a 
hundred pounds per square inch. The following are some of the 
dimensions of this blower: 

Steani rylinder: Inches. 

Diameter 10 

Stroke 14 

CoiiipreflBor: 

H. P 10 

L. P 16 

PiifiipM. — There was installed a Davidson suction pump, a Snow high- 
pressure feed pump, and several Blake pumps. It was exceedingly 
unfortunate that a larger size feed pump was not installed, since the 
evaporative capacity of the boiler under test exceeded the limit of the 
feed supply that could be furnished by the Snow pump. 

Iil(ni)iii(j enghie, — There was a direct connected blowing engine and 
fan. The fan had an impeller 72 inches in diameter and a discharge 
duct 20 inches bv 42 inches, which led to the lire room and terminated 
in a box placed so as to direct the air current toward the ceiling. 

MeaHurlufj Inntnunents, — Standard scales, test gauges, and other 
instruments of precision were used so that the most accurate data 
jwssible could be collected. 

MANNER IN WHICH THE WEIGHT OF COAL, WATER, AND REFUSE WAS 

ASCERTAINED. 

Ft'e<l icatrr. — The feed water was generally muddy. The supply was 
drawn from the Potomac River through a suction pipe that ran out to 
the end of a dock. No test was either delayed or stopped solely on 
account of the character of the feed, and there were times when an 
unusually heavy quantity of mud was in this feed supply. 

The feed water was weighed in two circular tanks holding lespect- 
ively l,()4()and 1,047 ]X)undsof water each, and resting,on l,5(K)-pound 
Howe scales. These scales had been U^sted bv the citv's sealer of 
wcMghts and measures. The scales and weighing tanks were on a 
platform al)ove the feed tank. The weight of each tank when tilled 
was recorded, and then the water was allowed to flow into the feed 
tank as nt^eded. As soon as the weighing tank was emptiinl the* weight 
was again taken and the time noted. The feed tank was provided 
with a graduated water-level gauge. The height of water by this 
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g^uge was noted at the moment of beginning the test, and at the end 
of each hour it was again brought to the same level. The feed tank 
had a steam coil for heating the water. Wide variations in the tem- 
perature were easily avoided b}^ keeping the water level in the tank 
fairly constant. 

In some of the forced-draft trials the weighing tanks had to be 
filled, weighed, and emptied with such rapidity, owing to their 
insufficient size, that the above method of catching the weight at 
the end of each hour could not be used. The weighing tanks were 
accordingly each fitted with a water-level gauge graduated to 5 
pounds, by the aid of which the weight within 5 pounds could be 
caught at any moment without interfering with the rapid manipula- 
tion of the tanks. The temperature of the feed water was taken at 
an elbow of the feed pipe between the pump and the boiler. 



ACTUAL WEIGHT OF WATER CONTAINED IX BOILER. 

The following determination was made of the actual weight of water 
contained in the boiler at a temperature of 56^ F. and at diflferent gauge- 
glass readings, the correct steaming level being at 1 inch: 



Height of water in gauge. 



Total 

weight <»f 

water. 



Differ- 
ence. 





1 inch . . 

2 inches 

3 inches 

4 inches 

5 inches 



Pounds. I Pounda. 
8,588 I 



8,869 

9,235 

9,648 

10, 033 

10,4a5 



281 
366 
413 
385 
372 



Area of 
water 
level. 



Sq. feet. 

52.2 
70.5 
79.6 
74.2 
71.7 



Coal, — ^The coal was weighed in sheet- metal cans or bags, the method 
})eing to adjust each can or bag to a uniform weight of 220 pounds or 
130 pounds while on the scales, and then keep tally of the number 
passed into the fireroom. Beginning with the seventh test, the coal 
account was balanced at the end of ea<*h hour by estimating and 
deducting the weight of coal lying at the moment on the fireroom floor. 

lief use, — The ashes and refuse were weighed in sheet-metal cans as 
they accumulated, and the weight of sweepings from tubes and baf- 
fles was carefully ascertained. By reason of the coal tests being lim- 
ited to periods of short duration there was practicall}^ no cleaning of 
fires, and thus the percentage of refuse is much smaller than would 
occur under actual seagoing conditions. 
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<'HARA<TKK OF THE KTEAM EVAFT^RATED- 

Th<; qunlity of th#f wteam wha determined by means of a Barms 
tbroUlin^ ralorimeter, whieb drew steam from the main steam pipe at 
a (Miiiit H Uu'.Ui'ti in front of the Fwiler. The sampling nozzle consisted 
of a half 'inch pijj^f n^arrbing nearh' ai:ross the .steam pipe in a horizon- 
tal dJanieU-r. Thin pifK; bad four rows of perforations extending the 
leni^b of the diarnetfer of the iiLside of the steam pipe — say, for 1^ 
irirbeH nt itH4:h end. An extra calorimeter was fitted and readings were 
taken from Jxith calorimeti*rs throughout the series of trials, except 
when, an one/; o<^rurred, the extra calorimeter got out of order by the 
lodgment of black w»le in its throttling orifice. 

rilAKAiTKK OF THE COAL USED. 

From each can or \niii^ of cxml that was brought into the fireroom, a 
HfKHrirnen wan taken and collected in a 1k)x, so that there could be for- 
wardexl for iinalyHis a fair sample of the fuel used. 

The following table gives the result of analyses of samples of each 
lot of coal. The analys<»s were made by the chemist at the New York 
Navy -Yard; 



Npw Rivpr Pocahontas 
I»c»cahont« coal, run ;^®r«,J«# coal, hand 

picked and 



of mine. 



coal, run of 
mine. 



screened. 



Fuel burned in boiler test No. — 



1, 2. .3. 



I'UOXIMATK ANALVHIH. Permit. 

FIxihI rftrlM.n 73. 30 

Vnlatll*' iiiHtt4'r 17.61 

Mdlntiin* j .49 

\hU I 8.60 

100.00 
Sulphur, Mr|MirHt4»ly <U't4*niiiiu'<l , .48 

M.TIMATK ANALYHIM. 

CiirlNtii 

ll\Mlro^*n 

Oxy^Mi 

Nltn»>ri»n 

Sulphur 

\nU 

rAl.OKIKir VAl.lK {H, T. r.*K PKU ixn'Ni)) 

(\ml 14,067 ' 

(\uuhuHtihU« 15, 891 



82. 26 


84.96 


1 a. 89 


4.07 


4.12 


5.46 


.64 


.90 


.49 


.71 


8.60 


3.90 


100.00 


100.00 







100.00 



14, 5:u 
15. 124 



14«841 
15.HS4 



10 to 17. 




83.60 


85.94 


4.85 


4.45 


4.87 


4.50 


1.41 


1.14 


.46 


.82 


4.81 


3.15 



100.00 
14»992 

1\ 4:»% 




Flo. In. — CliculBtory 



ileln navnl tent bollvr. 
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FLUE GASES AND PRESSURE GAUGES. 11 

THE COMPOSITION AND TEMPERATURE OF FLJTR GASES. 

Samples of the flue gas were drawn from the smokestack by means 
of an aspirator improvised from two half-gallon bottlen. The sam- 
pling tube was one-half inch diameter and extended to the center of the 
stack, the inner end being nearly closed and the sides being perforated 
with one-eighth inch holes, spaced 4 inches apart. The aspirator, 
charged with gas, was carried to a neighboring building, where the 
sample was analyzed by the aid of an Orsat apparatus. 

The temperatures at the base of the stack and the samples of flue 
gas were taken aboA'^e the roof at a point about 5 feet from the nearest 
heating surface of the boiler, measured along the path of flow of the 
gases. In the natural-draft trials the temperatures were taken with a 
mercury-nitrogen pyrometer, and attempts were made to do the same 
in the forced-draft trials. Momentary flaming in the stack, however, 
caused so many breakages of glass bulbs that reliance had finally to be 
placed on a Brown quick-reading pyrometer, the readings of which 
were, however, checked as well as could be by the melting points of 
zinc, aluminum, and copper. 

Exceptional care was taken in the collection of all data relating to 
the flue gases, in order that some definite information might be secured 
as to the temperature of gases at various points as well as to determine 
the best means of installing baffling. The increased efliciency of the 
water-tube boiler will undoubtedly be secured by changes in bafiling, 
whereby the flow of gases will be more greatly impeded and the 
removal of soot more quickly effected. 

ARRANGEMENT OF PRESSURE GAUGES. 

The several air pressure and steam gauges were placed near each 
other on the wall of the steel structure, and particular care was taken 
in the fitting of necessary pipe connections. 

The following sketch (IJ) shows the arrangement designed by the 
board to quickly read the air pressure at any point of the boiler 
between the ash-pit and the base of the stack. In the bent tube at 
the left, liquids of different densities were introduced so that light 
variations in pressures could be quickly detected. As compared with 
the bent tube at the right, the tube at the left showed variations in 
the pressure magnified ten times. 

The apparatus consists of a pair of U-shaped glass tubes, with expan- 
sions foimed at the top of each tube, for the purpose of augmenting 
the surface of the liquid in the tubes exposed to the action of the gas 
pressures. The successive introduction of the pressure to the top of 
the liquid in one tube was provided for by the use of a rubber-tube 
connection to the top of what might be regarded as a gas switchboard 
or gas manifold. By turning the proper gas cock the pressure could 
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COAL TESTS, DETERMINATION OF AIR AND DRAFT. IS 

be brought from any of the points on the boiler, as indicated by the 
lettered name plate, and its eflfect brought to bear on the surface of 
the liquid in one of the bulbs. The U tubes were filled with nonmixing^ 
liquids of diflferent densities and ditferent colors, so arranged that the 
line of demarcation between the two liquids would come approxi- 
mately to the middle of the length of each limit of the U. Before 
beginning a reading the graduated scale at the back of the tubes was 
brought to the common zero by the touch of a lever provided in a slot 
at the bottom of the scale. By the use of this apparatus the determi- 
nation of draft pressures for each of the seven points were accurately 
and rapidly read. 

The steam gauges were 3 feet lower than the water level in the 
boiler. A deduction of 1^ pounds from the observed steam pressures 
was therefore made in working up the results. The steam was blown 
off into the atmosphere, the pressure being controlled by a hand 
operated stop valve. 

MANNER OF DETERMINING QUANTITY OF AIR USED. 

In the accompanying tables of the individual trials the " pounds of 
air per pound of carbon" was calculated by the approximate formula^ 

11.55 (CO,+0 +iCO) 
CO3+CO 

which takes no account of the air consumed in burning hydrogen. In 
the tii})le of summaries the weight of dry gas per pound of carbon is 
cjilculated by the accurate formula as there given. 

IMPORTANCE OF INSTALLING DRAiT GAUGES AT VARIOUS POINTS 

BETWEEN ASH PAN AND BASE OF STACK. 

B\' varying the connections of the draft gauges during the early 
trials it was found that the draft was seriously interfered with by the 
resistance of the uptake. The uptake was accordingly increased in 
size for the later trials, with the result that the boiler showed a greater 
capacity and the fireroom temperature was much lower. With this 
change there was no further trouble as there had been previously, 
with the burning of grate bars. The variation of draft pressure 
within the ]x)iler, together with the improvement that resulted from 
the change just alluded to, is shown diagrammatically in fig. 3. 

DATA SECURED DURING COAL TESTS. 

All the data recorded during the coal or oil tests was taken by 
draftsmen attached to the Bureau of Steam Engineering or by persons 
connected with the naval service. No reading of any gauge was 
recorded by anyone either interested in the experimental boiler or in 
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CHARACTER OF THE DATA OF THE COAL TESTS. 15 

any appendage or auxiliary connected with the plant. There was no 
eflfort made nor desire manifested to secure results that would eclipse 
other records. The primary object was to secure data that would 
show what might to be obtained in actual service. 

The board, therefore, believes that in comparing the data obtained 
during these experiments with an}^ other recorded data, particular 
consideration should be given to the fact that during these tests all 
readings were made by persons who had no interest or purpose in 
securing specific results. It is believed that if the data recorded 
be carefully studied there will be conclusive circumstantial evidence 
adduced to show its reliability. 

During some experiments there were as many as ten persons taking 
data, and therefore it was possible to check the readings of the gauges 
sufliciently often to feel assured that reliable information was being 
secured. The board worked on the principle that any recorded infor- 
mation would be valueless unless reliable, and therefore neither 
trouble nor expense was spared in making arrangements for secur- 
ing correct information. 
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No. 1. — Teti of IIohenMrin toater-iube marine baUrr, AprU 2S, 1901. 
[Klffht Yumnt daratlon with xuitorm] draft, oainc coal u a fuel.] 



Time. 



9.30 a.m.. 
9.45 a. m.. 

10 a. m ... 
10.15 a.m. 
10.30 a.m. 
10.45 a. m. 

11 a. m . . . 

11.15 a. m. 
11.:^ a. m. 
11.45 a. m. 

12 m 

12.16 p. m 
12.80 p. m 
12.45 p. m 

1 p. m 

1.15 p. ni . 
l.;^p. in . 
1.45 p. m . 

2 p. m 

2.15 p. m . 
2.30 p. m . 
2.45 p. m . 

3 p. m . . . . 
3. 15 p. m . 
3.30 p. in . 
3.45 p. ni . 

4 p. ni 

4.15 p. rn . 
4.:U) p. ni . 
4.45 p. ni . 

5 p. ni 

5.15 J), ni . 
5.. '10 J), m . 



Calorimeter. 



Bteam 

preerore 

byiTAUge. 



IJb9. 

245 

270 

270 

270 

270 

270 

270 

272 

270 

270 

270 

270 

270 

268 

268 

265 

265 

2a5 

265 

260 

260 

260 

260 

2*i5 

2^5 

260 

265 

260 

2<i5 

265 

2m 

2(y> 
2t55 



Tempera- _ 
lure of 

waivr. tempera- tempera- 
ture, ture. 



Lower 



130 
180 
170 
170 
155 
170 
160 
150 
170 
150 
150 
130 
140 
120 
1.30 
160 
160 
150 
125 
120 
1:^5 
125 
150 
150 
110 
130 
140 
i:iO 
135 
130 
i:i5 
140 
160 



F. 



410 
408 
406 
406 
406 
406 
404 
404 
404 
404 
404 
406 
404 
406 
409 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 



A vorajfe 



'« Pynimotor out of order. 
Stato of wettther, clear. 
Banimetcr at noon, 30.02 Inches. 
Kind of fuel, Potrahonta^ coal, run of mine. 
Wood burned in starting; flres, 360 poundM. 
Coal burned in Htarting flren, 2,400 pounds. 
Coal burnc<1 during te^t. 9,720 pounds. 
Aiihus before begiiiulng test, 200 pounds. 



P. 



330 
320 
310 
310 
314 
316 
308 
310 
262 
310 
309 
:^08 
.309 
.309 
310 

:^oo 

308 
316 
310 
310 
318 
310 
310 
302 
268 
224 
310 
264 
252 
309 
308 
304 




Quality 

of 
steam. 



0.996 
.991 
.985 
.985 

.988 

.989 

.984 

.986 

.957 

.986 

.986 

.986 

.986 

.986 

.984 

.980 

.986 

.984 

.986 

.986 

.986 

.986 

.98<5 

.981 

.961 

.936 

.986 

.959 

.952 

.986 

.986 

.984 



.980 



Temperatme. 



Ootidde 
air. 



52 



50 



55 



53 



54 



55 



55 



56 



(52 



61 



59 



62 



61 



61 



60 



59 



59 



57.3 



Air in 
fire room. 



87 

87 

87 

89 

93 

93 

91 

89 

90 

88 

88 

89 

94 

94 

94 

94 

97 

97 

96 

96 

97 

100 

101 

101 

101 

102 

101 

100 

86 

87 

92 

100 



93.8 



Gaaesat 
base of 
stack. 



485 
570 
602 
720 



594 
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No. 1. — Test of Hohemtein water-tube marine boiler ^ April fSS^ 1901. 
[Eight hour!!' duration with natural draft, ufiing coal as a fuel.] 



Time. 



Height of 
I water in- 
gauge 
glam. 



9.30 a.m., 
9.45 a. m., 

a. m... 
0.15 a. m 
0.30 a. m 
0.45 a. m 

1 a. m 

1.15 a. m 
1.30 a. m 
1.45 a. m 

2m 

2.15 p. m 
2.30 p. m 
2.45 p. m 

p. m 

.15 p. m.. 
.30 p. m.. 
.45 p. m.. 

2 p. m 

2.15 p. m.. 
2.30 p.m. 
2.45 p. m.. 

3 p. m 

3.15 p. m., 
3.30 p.m., 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p.m., 
4.45 p.m.. 

5 p. m 

5. 15 p. m.. 
5.30 p. m. , 



Average 



In$. 



4 

4 

4 

3i 

3 

3 

4 

4 

4 

3 

4 

4 

3 

4 

4 

4 

3i 

4 

4 

4J 

4i 

5 

5 

5 

^ 

4 
5 
4 
4 
4 
4 



Air prcffiures in 
inches of water. 



Ash pit. 



- .05 



Base of 
stack. 



0.05 

- .05 
• .05 

.05 

- .05 

- .05 

- .05 

- .05 

- .05 

- .a5 

- .05 

- .05 

- .a5 

.05 
.05 

- .05 
.05 

.a5 

- .05 

- .05 
.05 

- .05 
.05 

- .a5 

- .05 

- .05 

- .05 

- .05 

- .05 
.05 

- .05 

- .05 



-0.30 

- .30 
- .40 

- .40 
.40 

- .50 
.55 
.60 

- .55 

- .50 

- .50 

- .55 

- .55 

- .50 

- .55 

- .55 

- .55 
.55 

- .55 

- .55 
.55 

- .55 

- .50 

- .55 

- .55 

- .55 

- .55 

- .55 

- .65 

- .55 

- .55 

- .55 

- .55 



- .515 



Flue gases. 



Water. 



CO,. 


O. 


CO. 


Dry air 

per 

pound 

carbon. 


Fed per 
hour. 


Total 

weight 

fed. 


P.ct 


p.ct. 


P.ct. 1 Lb». 


IJb$. 


IJbe. 






1 








...... .......1... .... 








1 
-.1 




10.4 


6.i 1 2.3" 16.1 9,5ii 

' 1 


9,511 




. .....|...... .............. 




j 1 




9.4 


7.1 1 2.2 , 17.6 i 9,218 


18,729 













- - 1 _ _ 






10. 3 7. 2 .8 


18.6 


9,867 


28.596 




--I-- _ 






; ' 1 






9 


8.4 j 1 20.6 


9,100 


37,696 


1 










9.6 5.8 1.6 16.9 


9,671 


47,367 








\ 




11 


5.5 2.1 1 15.5 


9,832 


57,199 









1 . . _ !.. 




9.3 


7.9 1 1.7 


18.9 


9,501 


66,700 




i 














1 


9,279 


75, 979 


i " 1 




9.85 


6.85 


1.67 


17.7 


9,497 





A.«;hes during test, 377 pounds. 

Refuse, including sweepings from tubes and baffles, 640 pounds. 

Per cent of moisture in coal by weighing and drying sample, 0.5. 

Firing very poor and irregular. Average interval between firings, 13 minutes. Average interval 
between rakings, 12 minutes. Average thickness of Are, 12 inches. At 2.3U p. m. only about two-thirds 
of the grate was in actual use on account of irregular thickness of fire. Averse smoke by Ringed 
mann charts, 2}. Water drawn from mud drum on following day, when allowea to settle in a bottle, 
left tive^ighths inch of sediment in 8 inches depth of water. 
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No. 2. — Tegt of Ilohenniein irdter-tube marine hoiltr^ A^fril 26^ 1901. 
[Six hoiire' duration with forced draft, lining coal as a fuel.] 





1 




Calorimeter 


• 


Temperature. 




I Steam 
preHBure 
by gauge. 


Tempera- 
ture of 

feed 
water. 

- 
° F. 


Higher 
tempera- 
ture. 




Quality 
of 8team. 








Time. 


Lower 
tempera- 
ture. 


Outside 
air. 

° F. 


- 

Air in 
fire- 
room. 


Gases at 
base of 
stack. 




° F. 


^F, 


10.:i5a. m . 


. 275 


120 


407 


260 


0.956 


72 


102 


640 


10.45 a. Ill . 


. 260 
. 275 


140 
138 


396 
393 


290 
300 


.978 
.9^5 








1 1 a. in 




98 


605 


11.15 a. Ill . 


. 275 
. 275 


, 138 
140 


398 
398 


299 

278 


.977 
.970 








ll.;Wa. ni . 


68 


113 


690 


1 1.45 a. in . 


. 275 
. 275 


160 
120 


398 
399 


272 

288 


.967 
.976 








12 m 




116 


710 


12.15 1). ni . 
12.;U) p. ni . 


. 275 
. 275 


140 
! 150 


398 
399 


303 
212 


.984 
.930 








70 


119 


750 


12.45 p. Ill . 


. 275 


160 


399 


304 


.983 









1 J), ni 


. 275 


i:w 


399 


292 


.977 




120 

1 


700 


1.15 J), ill .. 


. 275 


130 


399 


270 


.965 








1.30 p. lu .. 


. 275 


, 130 


398 


280 


.971 


70 


120 


980 


1.45 p. Ill .. 


. 275 


130 


399 


270 


.965 








2 p. ni 


. 275 


138 


398 


216 


.9,34 




120 


725 


2.15 p.ni .. 


. 275 


170 


400 


270 


.965 








2.30 p. Ill .. 


. 275 


145 


400 


264 


.961 


70 


122 


1025 


2.45 p. Ill .. 
3 p. Ill 


.' 275 
. 275 


' 165 
145 


400 
400 


250 
307 


953 








.986 




126 


805 


3.15 p. Ill .. 


. 275 


140 


400 


m5 


.9a5 








3.;iO p. Ill .. 


. 275 


160 


400 


290 


.976 


72 


127 


720 


3.45 p. Ill . 


275 


150 


400 


284 


.973 








4 p. in 


. 275 


160 


31>9 


276 


.968 




126 


8a5 


4.15 p. ni ., 


. 275 


165 


400 


290 


.976 








4.;i'> p. ni . . 


. 275 


170 


401 


218 


. 934 




123 


575 


Averajr** . . . 


. 274. 4 


145. :^5 




.968 


70. 3 


117.8 


i 748. 4 









State of weather, dull and overcai<l. 
Barometer at noon. 90.12 inchcM. 
Revolutions of blt»wer, 250 per minute. 
Kind of fuel, IVicahontas (vml, run of mine. 
W<K)tl burned in starting flres, 300 pounds. 
Coal bumiHl in starting fires, 2,000 |K>unds. 
Coal burned during test, 10.445 pounds. 
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No. 2. — Test of Hoherustein irater-tube marine boiler ^ April 26^ 1901, 
[Six hours' duration with forced draft, using coal a»a fuel.] 



Time. 



Heiffht 

water 

in 
gauge 
glass. 



Air pressures in inches 
of water. 



Flue gases. 



Water. 



Fire- 
room. 



10.35 a. m, 
10.45 a. 111. 

11 a. m . . . 
11.15 a. m. 
11.30a.m. 
11.45 a. m. 

12 m 

12.15 p. m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p.m., 
1.45 p. m. 

2 p. m 

2.15 p. III. 
2.;Wp.in. 
2.45 p. m. 

3 p. m 

3. 15 p. m . , 
3.30 p.m. 
3.45 p. m. 

4 p. m 

4.15 p. m. 
4.35 p. m. 

Average . 



Ins. 

2i 
2 

2J 
2 

li 
2 

2i 
3 
3 
3J 

2J 
2i 
2i 
2i 
2i 
2J 
3i 
3i 
2 

3 
3 

2i 
3i 

2i 
3 



1 
1 

1.1 
1 

1.1 
1.1 
1.1 
.9 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 



Ash 
pit. 



1.1 
.95 
.95 

1 



1.08 1.02 



Base of 
stack. 



COt. 



, P. ct. 

1.7 -0.80 I 7.6 



- .60 I 

- .60 I 8 

- .60 I 

- .70 11.2 



. 95 i — .65 



8.7 



o. 



CO. 



p. ct. P. ct. 
6.4 I 2.3 



5.8 , 2.2 

1 

5.2 1.5 

1 

5.3 ' 3.6 
6 2.4 



Dry air 

per 
pound 
carbon. 



Lbs. 
17.6 



16.8 
15.6 
14.8 
16.5 



Fpd npr Total 

^Si,R^^ I weight 



hour. 



f. 






Lbs. 



Lbs. 



14,038 ' 14,038 



- .60 

- .65 10.5 i 5.8 1 1.7 ' 16.2 



15, 572 29, 610 



15, 540 45, 150 



1 .- .65 

1 - .65 

1 |- .65 ' 8.8 

.85 

.95 

1.1 - .70 ! 

1 - .70 ' 10.3 I 6.9 1.6 ,17.5 

1 - .70 i 

1 - .65 7.6 7.9 2.4 19.2 

1 - .60 1 

1 - .65 11.4 6 1 

1 - .65 

1 - .65 10.4 ! 7.5 ' 1.6 18 

1 - .65 

1 - .a5 . 9.8 I 6.8 

1 - .65 

1 - .65 9.2 7.4 

1 - .65 

1 -.65 9.5 1 7.511.8 ,18.3 14,074 86,830 



16.6 I 13.328 I 58,478 




Ashes before beginning test. 160 pounds. 

Ashes during test, 575 pounds. 

Refuse, including sweepines from tubes and baffles, 550 pounds. 

Per cent of moisture in coal by weighing and drying sample, 0.5. 

Firing very irregular, with average interval of 11 minutes. Average interval between rakings. 9 
minutes, varying from 4 minutes to 13 minutes. Average thickness of are, 12 inches. Average smoke 
by Ringelmanu charts, 2}. Slicing doors kept closed after 11 o'clock. 




MAVAL '"LIQUID FUEL BEPOBT. 
S.—Tal of Hohemlein wfOer-tnbe marine boiler, May 8, 1901. 
[Four houiV duration with [orced draft, udng coal ai a fuel] 







1 j 

1 


Clorimewr. 




Tinw. 


£ 

i. 

1 
* 


i 
1 

2 


1 

■s 

5 


j 


i 

1 

i 1 




275 

275 155 
275 150 
275 140 
275 142 
275 ^ 150 
275 ' 13fl 
275 130 
275 142 
275 150 
275 1,50 
275 152 


'■■ F. "F. "F, °F =/■. 


12.15 p. ni 
12.30 p. m 

12.45 p. m 




^tMii 309 
398 324 ) 
400 324 

398 322 

397 314 

399 314 
399 314 

399 .314 
;W9 312 1 

400 312 ' 

398 3(& . 
299 314 

400 312 '■ 

401 310 
400 309 


988 74 112 

996 , 119 1,340 

996 124 


1.15 p. m. 
l.:Mp.m. 
1.45 p. m . 




991 I2H 

991 ' 127 1.175 

991 j 128 


2.15 p. m . 
2.30 p.m. 
2.45 p. m . 




989 127 

989' 12.5 920 

985 115 


3.15 p.m. 
3.30 p. Ill . 
3,45 p. m . 




278 152 
276 150 

2R5 140 


989 ■ 123 

988 120 875 

987 119 












27«. 1 145. 8 






989 


72.8 


121.7 1.001.6 



Stale or weather, dull ai 
Baiometvr at noon, ^.d 
Revnlullono nl lilnwer, ; 
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No. 3. — Test of Hohenstein water-tube marine boiler ^ May 8, 1901. 
[Four hours' duration with forced draft, using coal as a fuel.] 



Time. 



12m 

12.15 p.m.. 
12.30 p.m.. 
12.45 p.m.. 

1 p. m 

1.15 p. m .. 
l.:^p. m .. 

1.45 p. m .. 

I 

2 p. m j 

2.15 j>. m .. 
2.a0p. m ..: 
2.45 p. m ..' 

3 p. m ! 

3.15 p. m .. 
3.30 p. m ..I 
3.45 p. m..' 

4 p. m 

Average ..., 



be 



a 

as 



be 



Air pressures in inches 
of water. 



a 



0, 



Ins. 



1 



i 

-r i 

- \ 


! 

-r } 
-i- j' 
-il 

+li 

+ Jj 


'\ 

I 

-h2 I 




2.a5 

2.05 

2.20 

2.05 ! 

2.05 , 

2.05 

2.05 I 

2.05 

2.05 ' 

2.10 

2.05 

2 

2.05 

2.10 

2 

2.05 



2 

2 

2.10 

2 

2 
2 

2 

2 

2 

2.05 

2 

1.95 

2 

2 

1,95 
2 



X 

c 



2.059 2 



- .838 



COj. 



P.ci. 
10.1 



0.75 
.85 
.90 
.85 

- .85 
.85 

■ .85 

- .85 
.85 
.85 

- .85 
.80 12.6 
.85 
.85 
.80 
.80 



16 

15.2 

10 

13.3 

12.5 



10 
12.1 



Flue j^aaes. 



O. 



P.ci. 
5.7 



2.1 



3 
6.4 



5.2 
5 



6.9 
4.4 



CO. 



P.ct. 
1.8 



.0 

.0 

1.6 



. / 



.9 



1.1 



12.42 



1.6 
1.3 



4.85 ; 1 



c 

% 

t 

s 

s. 

•a 
t 



Water. 



§ 

u 

I 



16.2 



Ui%. 



13.1 



13.8 



17.1 



15. 5 



15.5 



15.3 



17.6 



14.8 



15.4 



19,948 



be 

mm 

s 



Uis. 



19, 108 I 19, 108 



19,916 39,024 



20,286 59,310 



20, 483 ! 79, 794 



Afihes before beginning of test, 195 pounds. 

Ashes during test. 4.59 pounds. 

Refuse, including sweepings from tubes and baffles, 815 pounds. 

Per cent of moisture in coal by weighing and drying sample, 0.5. 

Fired and raked alternately at intervals averaging 9 minutes for each. Average interval between 
slicings, 14 minutes, varying from 3 minutes to 31 minutes. Fi^uent flames in stack, especially 
during first two hours. Average smoke by Kingelmann charts, 2i. 



NAVAL "LIQUID FUEL REPOBT. 

No. 4.~Tett of HohtiMein water-liihf marine Mler, May £9, 1901. 

[Righl hour"' <1iintlon vllh nftlunil ilisfl. taing roal ua fu*).] 



10. 15 a. I 

10.30 a. t 
10.45 a. I 



12.15 p. I 
12.30 p. 1 
12. 4S p. 1 
lp.m .. 

1.15 p. m 
1.30 p. Ill 
1.45 p. m 
2 p.m.. 
2.15 p, in 
2.30 p. Ill 
2.45 p. n: 
3p.m.. 

3.16 p. m 
3.30 p. m 
3.45 p. Ill 
4 p.m.. 
4.15 p. m 
4.30 p. ni 
4.45 p. ni 
5p.m.. 



orldifU 



146 404 I »17 



V.Vi 403 ;«4 



It preMures, iii Inch 



lOfWI 



IB - .20 - .20 - . 



- .20 - .26 



22 ;- .2A - .25 - .30 



.0008- .177- .20 - 



Klndodu.-l. PucBhon 
IVood buniFd In slarli 



ea during lea, 'iX pouud.v 



COAL TESTS. 
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No. 4. — Test of Hohenstein water-tube marine boiler y May 29, 1901. 
[Eight hours' duration with natural draft, using coal as a fuel.] 





i 

I 

^» 
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u 

98 

c 

be 

X 
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-ri 









-ri 






-ri 






Temperatu 


re. 

M 

c 
1 

as 

1 

'J 
° F. 




Flue gase8. 




Water. 


Time. 


"5 

o 
° r. 

60 


"ho" 

...... 

""60"' 

"64"" 

"66"" 

""66* 


'"76"' 
"*66'" 
'"68" 


i 

< 

° F. 
93 
95 
102 
104 
104 
107 
108 
111 
111 
109 
111 
100 
114 
115 
113 
112 
113 
112 
112 
111 
113 
117 
122 
124 
125 
126 
127 
129 
126 
125 
124 
124 
125 


p. rt. 


0. 
P.ct. 


CO. 

1 


Dry air per pound carbon. 


Fed per hour. 


Total weight fed. 


9 a. Ill 


P.et. 


Lbs. 


Lbs. 


Lbs. 


9.15 a. m. . 




...... 


1 






9.30 a.m.. 


610 


13 


4 


1.5 


14.1 




9.45 a. m.. 






10 a. m ... 
10.15 a. m. 


605 


11.2 


5.1 


1.7 


15.4 


10, 570 


10, 570 


10.30 a.m. 


610 


12.3 


4.7 


1.6 


14.8 




10.45 a. m. 


■*••*•• - - - 




11 a. m ... 
11.15 a. m. 


"610 


11.5 


6 


1.4 


16.3 


10, 252 


"26," 822 


11.30 a.m. 
11.45 a. m. 


660 


11.2 


5. i 


1.4 


15.6 






12 m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p. m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4. 15 p. m.. 
4.30 p.m.- 
4.45 p.m.. 

5 p. m. 


660 


9.5 


5.2 


2.8 


14.9 


i6,*326 


31,142 


665 


11.4 


3.7 


2.6 


13.5 











655 


10.1 


7.4 


1.2 


18.5 


9,994 


41,136 


670 


10.9 


4.5 


2.8 


14.1 










735 


9.4 


5.3 


2.5. 


15.5 


9,653 


50,789 


665 


10.4 


4 


3.1 


13.7 










650 


11.6 


4.9 


2 


14.9 


9,122 


59,911 


665 


10.7 


3.7 


3.3 


13.2 








....... 


845 


11.4 


4.4 


2 


14.5 


8,846 


68,757 


850 


11.7 


3.5 


3 


13.1 


• •«*•••!• •••«•• 


1 


640 


•••••■ — 






9,192 


77,949 








Average . . 




64.4 


114 


675 


11.08 


4.75 


2.19 


14.8 


9,744 









Refuse, including sweepings f ronr tubes and baffles, 549 pounds. 

Per cent of moistnre In ccwl bv chemical analysis. 0.79. 

Average interval between firings, six and a half minutes. Average interval between ralcings. 
eight minutes. Average thickness of fire, 6 inches. The draft was checked by means of a damper In 
the smokepipe, so as to kee^ the rate of combustion at about 1,100 poonds of coal per hour. Average 
Hmoke by Rlngelmaau charts, 2.2. At 1. 40 o'clock two bricks came down from combustion-chamber 
baffle. 



NAVAL "LIQUID FUEL EEPOKT. 



No. 5. — Te»l of llolieitttan water-lube marine boUer, June 5, 1901. 
[Six houn' duniUoa wlUi forced dcafi, using cual im a luvl.] 
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275 


130 


401 


317 
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401 


317 
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I. 10 


1.05 


80 


.65 1 




a.30 ji. Ill . 
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132 


401 


311 
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1.05 


7fi 


.A-i 1 
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1 273 
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' 402 


314 
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1.10 


1.05 ' 


60 . 


.«3 I 
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12H 


403 
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.\m 


MO 


1.05 


80 ' 


.&1 1 
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; 272 


126 


401 


317 


.vm 


1.10 


1.05 


80 


.m 1 




3.30 p. Ill . 
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132 


401 
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.96 ! 


75 


.80 1 
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15- 






.988 


l.OfU 


1.0.«| 


80 


.624 1 - 
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ihet, brutht <inii»uiuliliiy. 

iniHin.Sl.Klnc'hHi. 

<tt bloaur. H3 per inlaalt'. 
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No. 5. — Test of Ilohenstein uxUer-iube marine boiler^ June 5, 1901. 
[Six hours' duration with forced draft, using coal an a fuel.] 





Height of water in gauge glass. 


Temperature. 




Flue 


gai>e8. 




Water. 


Time. 


• 

"sS 
S 

6 

OF. 
80 

82 

84 

a5 

86 
8(5 
86 


Air in flreroom. 


• 

ao 
O 

o 

° F. 


CO2. 


0. 


CO. , 
P. d. 


• 

c 
1 

■c 

p 
s 

2. 

*3 
Lbs. 


• 

§ 

1 


Total weight fed. 

1 


9.30 a. m .. 


/n*i. 


-tI 








-f-1 






-t- i 
-f } 



-1- i 



^-1 
-^ i 
-^ i 





' 


° F. 

118 

125 

130 

133 

135 

137 

138 

139 

139 

139 

143 

141 

140 

142 

141 

141 

143 

142 

144 

147 

14(> 

145 

146 

146 

148 


P.ct. 


P.ct. 


Lbs. 


Lbs. 


9.45 a. m . . 














10 a. ni 


730 


12.2 


4.4 


1.6 


14.5 






10.15 a. m . 






10.30 a. m . 
10.45 a. Ill . 


660 


10 


5.7 


2 


16.1 


15, 200 


15, 200 


11 a. m 


690 


11.1 


4.3 


2.1 


14.4 






11.15 a. Ill . 






11.30 a. m . 
11.45 a. Ill . 


675 


9.7 


5.2 


2.3 


15.4 


15, 041 


30, 241 


12 m 


675 


11 


4.3 


2 


14.5 






12.15 p. Ill . 
12.30 p. m . 
12.45 p. m . 

1 p. Ill 

1 . 15 p. m . . 
1.30 p. Ill .. 
1.45 p. m .. 

2 p. in 

2. 15 p. Ill . . 
2.30 p. m .. 
2.45 p. m .. 

3 p. m 

3. 15 p. m . . 
3.45 p. m .. 






740 


12. 2 


4.8 


1.4 ' 

1 

1 


15 


16,505 


46,746 


700 


10.7 


4.8 


2.2 


14.9 










700 


10 


6.6 


1.8 


17.1 


14, 914 


61,660 


.670 


9.8 


4.9 


1 

2.7 


14.8 






670 


9.4 


5.7 


2.3 


16 


15,270 


76, 930 


745 


11.2 


4.3 


2.1 


14.4 










528 


6.9 


5.4 


3.9 '■ 


15.2 


15, 534 


92,464 


Average . . . 




84.1 


139. 5 


681 


10.35 


5.03 


2.2 

i 


15.2 


15,411 





Ashes before beginning test. 200 pounds. 
Ashes during test, 1.03H j>ounds. 

Refuse, including sweepings from tubes and baffles, 539 pounds. 
Per cent of motature in coal, by chemical analysis. 0.79. 

Fired and raked alternately at intervals averaging 8 minutes for each. Average smoke by Ringel- 
mann charts, 2.2. 
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NAVAL ''LIQUID FUEL REPORT. 

No. B. — Tent of HoheiiHein water-tube mnriue boUery June 8j 1901. 
[Three and one-half hount' duratiun with force<l draft. nKini^ viteA ax a fuel.] 



Time. 



9.30 a.m.. 
9.45 a. in.. 

10 a. m . . . 
10.15 a.m. 
10.30 a.m. 
10.45 a.m. 

11 a. m ... 
11.15 a. m. 
11.. 'M a. m. 
11.45 a. m. 

12 m 

12.15 p. m, 
12.30 p.m. 
12.45 p. m 
1 p. Ill 

Average . 



9i 

as 
5C 



3 



a 






a 

t 

c 



275 
273 
270 



-^ I 



272 



272 



270 
270 
272 
270 



•>7»> 

m^ 9 mm 
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273 



272 



272 



112 
118 
118 
!ll2 
110 
112 
■110 
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110 
112 
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VM) 

im 

130 



(Calorimeter, 



Air prewiureM In inehe»« of water. 



a 






. 




c 




*0 


s 


t 


ft 


i 


4« 



° F. 
398 I 
I 398 , 

398 I 

399 I 
399 ; 

399 J 
3tH» ' 

400 j 

399 ' 

400 I 
400 I 
400 ' 

400 : 

401 j 
399 



^ 

«ft 

% 



S 

M 

c 



° F. 

296 
310 
'311 
309 
310 
309 
30H 
306 
321 
324 
319 
317 
324 
329 
328 



I 



0. 980 

• .988 ; 

I .989 i 
.988 
.988 
.988 ^ 
.985 : 
.986 
.W5 
AY^ 
. *.H)3 ' 
.9t)2 I 
.996 

, .999 ' 
.998 ' 



2 
2 
2 
2 
2 

2.1 

2.1 
•> •> 

mmm mm 

•> 

mm 

1.95 
2 

2 

»> 






2 

E 

mm 



1.^5 

1.90 

1.95 

1.90 

1.95 

1.95 
"} 

mm 

•> 

2. 15 
2,05 
1.90 
1.95 



1.50 I 

1.50 

1.55 

1.55 

1.60 

1.60 

1.65 j 

1.70 ' 

1.70 

1.60 ; 

1.45 

1.50 



1.95 1.45 
1.95 1 1.50 






2 
S 






1.35 

i.:« 

1.40 
1.40 
1.45 
1.45 
1.45 
1.50 
1.50 
1.40 

\.m 

1.40 
1.40 
1.45 



0. .30 
..30 
.30 
.25 

- .20 
.20 

- .25 
.15 

- .10 

- . 15 

- .20 
.30 
.30 

- .:^ 



272 116.5 1 990 2.025 1.968 1.56 1.41 

i 



.2:« 



state of weather, bright and }<un8hiny. 

Barometer at noon. 29.95 inches. 

RevolutionN of blower, 875 per minute. 

Kind of fuel, Pocahontas coal, run of mine. 

Coal burned duriuR test, 8,736-27&=8, 461 pounds. 

Ashes during test, 591 pounds. 



GOAL TESTS. 
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No. 6. — Test of Hohemtdn ivater-lube marine hoUer^ June 8^ 1901. 
[Three and one-half hours* duration with forced draft, using coal tun a fuel.] 
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4.9 1.3 



15.3 
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. i 



.1 



1.7 



1,450 17.8 

I 

1,240 i 16.7 

1,060 I 16.6 I 2.4 .1 

1,560 1 10 I 8. 8 



12 
12.6 



17,521 35,162 



13.2 



16,648 51,810 



. / 



20. 6 I 8, 729 '60, 539 



127. 31,125.7 t 13. 77, 3. 73 . 928 




Refu.se, including sweepingf from tubes and ba£Qe.s, 626 pounds. 

Per cent of moisture in coal by chemical analysis, 0.79. 

Fired and raked alternately at intervals averaging 6 minutes for each. Average smoke by Ringel- 
mann charts, 3.4. Almost continual flaming in stack. Base of stack occasionally red hot. Test 
stopped prematurely at 1 o'clock on account of roof taking fire. The fires were about 2 inches thicker 
at end oi trial than at beginning, corresponding to a difference of about 275 pounds of coal. 
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NAVAL "liquid FUEL BEPOKT. 



1. 7. — Tft of Ilohtnttein vxUer-tuht n* 

[RIttht hour*' duntlon with luttunil di 



in« boUrr, October tl, 1901. 
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No. 7. — Tegi of Hohenstein ivater4ub€ marine boiler, October 21, 1901, 
[Eight hours' duration with natural draft, using coal as a fuel.] 
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° F. 

110 
117 
117 
121 
126 
130 
137 
137 
138 
140 
143 
141 
144 
148 
143 
148 
148 
147 
144 
148 
144 
150 
143 
150 
158 
162 
164 
160 
159 
162 
160 
156 
155 


P.ct. 


P.ct. 


Urn. 


Lbs. 


8.45 a.m... 


540 


9.7 


6.2 



1.1 


17.5 




9 a. m 


1 


9.15 a. in... 


555 


10 


5.8 


1.1 


17 


1 


9.30 a.m... 


i,.366 


9,534 


9.45 a. m... 


535 


10.1 


5.6 




15.9 




10 a. m .... 




10.15 a. m.. 


570 


9.5 


5.7 


"2. i 


"16.2* 




10.30 a.m.. 


1,175 


9,554 


10.45 a. m.. 


575 


10 


6.5 


i.i 


17.7 


11 a. in . 


1 


11.15 a. m. - 


560 


10 


5.7 


1.8 


16.2 


1 


11.30 a.m.- 


1,125 


9, 693 


11.45 a. m.. 


581 


10.2 


6.2 


1.6 


16.8 


12 in 






12.15 p. m . 
12.30 p. m . 
12.45 p. in . 

1 p. m 

1.15 p. ni .. 
1.30 p. ni .. 
1.45 p. m .. 

2 p. in 

2. 15 p. in . . 
2.30 p. m .. 
2.45 p. in . . 

3 p. in 

3. 15 p. m . . 
3.30 p. m .. 
3.45 p. in .. 

4 p. in 

4. 15 p. m . . 
4.30 p. m.. 


560 


9.2 


7.4 


1.2 


19.1 






1,100 


9, 058 


584 


9.2 


6.8 


1.7 


17.8 








...... 

550 


9.2 


6.8 


1.8 


17.7 






1,100 


8,660 


560 


9.1 


t. t 




19.7 








560 


8. / 


6.8 


2.3 


17. 5 






1,000 


8,381 


570 


8.5 


6.1 


1.6 


17.6 








565 


8 


6.4 


1.8 


18 






650 


7,217 


570 


8.8 


6.7 


1 *> 


18.5 








'565 


8 




.9 


20.4 






605 


6,475 












Average . . . 




7U 


144 


562J 


9.26 


6.48 


1.52 


17.7 


1,007 

• 


8,558 



Refuse, including sweepinsfs from tubes and baffles, 561 pounds. 

Per cent of moisture in coal by weighing and drying sampler, 8.14. 

Average interval between firings, 6 minutes. Raked and sliced alternately between firings. 
Thickness of fire during first four hours, 6 inches: for next two hours, 9 Inches; then allowed to bum 
down to original thickness. Average smoke by Ringelmann charts, 2. 

Total weight of coal fired, 8,056 pounds. 

Total weight of water fed, 68,572 pounds. 
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NAVAL "liquid FUEL" REPORT. 



No. 8. — 7>jrf of IIoheitMein iraier-tufH' marine fjoiier^ Odofter -?./, 1!^1. 
[Six honrw' duration with forced draft, xwitxff coal as a fuel.] 



Calorimeter. 



Time 



i 



I 



'7 



Air prewure in inches <»f water. 



is 

r 



t 
x 



n ' 



I- I 

^ ! 



C 



^ I 



2 
5 



X 

C 

h 






5 

X 






' /•. 



' /'. 



F. 



i) a. Ill 
























U.]'} 11. Ill . . 


275 


12K 


403 


2^12 


0. 97<J 1 




0. 95 


0.80 


0.70 


0. 45 


-0.50 


<.».:{() a. Ill .. 


275 


i:jo 


402 


2*)2 


. 977 ] 


i.a5 


.95 


.78 


.70 


.50 


.47 


1»,45 a. Ill - . 


275 


120 


402 


2115 


.979 1 


1 . 05 




.70 


. 05 


.45 


- .45 


10 a. Ill 


275 


120 


402 


2^)2 


. 977 ] 


1.05 




. in 


.70 


.48 


.42 


10, 15 a. Ill . 


275 


iiH ; 

1 


402 


2t»2 


. 977 ] 


\.0n 




. 75 


.70 


.45 


- .45 


1(^:^0 a. Ill . 


275 


mi i 


402 


2ti:{ 


. 977 1 


1 . 05 


1 1 


. in 


.68 


.45 


.43 


10. 15 a. Ill . 


275 


124 


402 


2t»2 


. 977 1 


1.05 




.80 


.70 


.50 1 


- .45 


1 i a. Ill 


275 


120 , 

j 


402 


2t).3 


. 977 1 


1.08 




.75 


.70 


.50 


.45 


11.15 a. til . 


275 


I2i) 


402 


'2\H\ 


. 979 1 


1.08 


] 


.80 


.70 


.50 


.43 


li..';Oa. Ill . 


275 


i 22 


402 


2ti2 


.977 


1.08 




.80 


.70 


. 50 


.45 


1 1.45 a. Ill . 


275 


120 


402 


2<.H) 


. 97(J 


1.05 




.80 


.70 


.50 


.45 


IL* III 


275 


i2K 


402 


2*.H) 


. 97(i 


1.08 


1 ' 


.82 


. 75 


. 55 


.42 


12. 15 |i. Ml . 


275 


\'2t\ 


402 


*0 >'*0 


.977 


1. 10 




.8.') 


.72 


. 55 


.45 


i*j.;;o p. Ml . 


275 


1 •;•> 
1 »•. 


102 


'JU2 




1. 10 




, 8.5 


.72 


. .)0 


- .48 


ILM5 p. Ill . 


275 


i2M 


402 


'JM\ 


. 97r> 


1. 10 




.HT) 


.76 


.58 

1 


.45 


1 p. Ill 


275 


12<', 


KM 


2M0 


.97<i 


1. 10 




. Sn 


. 75 


. 55 


.50 


1.15 p. Ml . . 


275 


1 21 


402 


'J\H) 


. 97<) 


1.08 




.85 


. 75 


, 5.5 


.50 


!.;«) p. Ill .. 




122 


102 


2H«I 


. 975 


LOS 


i 


.S5 


. 75 


. 55 


.50 


1.15 p. Ml . . 




i2<; 


102 


2H1I 


. 975 


l.os 


1 

1 


.S.') 


. 75 


. 55 


.48 


•J p. Ml 


275 


i:{2 


102 


21 M 


. 970 


1 . 05 




.S5 


. 75 


. 5.5 1 


.48 


*J.i5 p. Ml . . 


275 


i:ui 


102 


2HH 


. 975 


1.08 


1 


. S5 


. 4^ 


. .V) 


.48 


•j.;;o p. Ml .. 


275 


i:i2 


402 


2HM 


. 975 


1.08 




. 85 


. 75 


. 55 


- .48 


2.15 p. Ml . . 


2/«» 


11(0 


102 


2MH 


. 975 


1. 10 


i . 05 


. S5 


. 75 


. 50 


.48 


*{ p. Ill 




i:;h 

I2<1 1 


102 


2MM 


. 975 
. 970 


1. 10 
1.07 


1.05 


.85 


. 75 


. 50 


- .48 


.\v<«rai^«' . . . 


.si:{ 


. 722 


. 515 


- .4«4 



Hlatf of wi'iilhiT, <'loud\ 

HaroiiK'tiTul iMMiii. •J\t.\ttt Mm'Ih- 

Kind of fufl. Ni'W idvir iomI, tun of mini'. 

WimmI tiuriii'd in mIiiiiIiik Hk'h. vm |Hinnd» 

Con! Imrmd In liiiirilntf Mm'*. I. win |mmhuU. 

\m\u'n tH'for<< tM'KlMiiInK (''"(i I'd |MinndM. 

A*»H'«durliiK t«'i«l, iMu'i |HMnid«. 



COAL TESTS. 

No. &.~Tett of Hoheiatein vxOer-tulie marine hoiUr, October iS, 1901. 
IHti houn' dunillon with forced rlraft, using coal an ■ fuel.] 






12m ... 

12.15 ]>. 11 
12..W11. 11 
12. -W p. II 
Ip-m.- 
1.15 11.111 

l.:«) [1.111 
1.45 p. m 
2 p. 1,1.. 
2.15 p. m 



i , I 

;». I .J-. 

2i 

2) 70 

21 

2| 

2! 

■II 72 

2) 

2) 

21 

21 

2! 

2i 



i I 

i!l 



118 I 670 
123 ! 

120 6;to 















1,800 




128 


(180 


9 


ti.:i 1 


Ml 


17.2 ■. 






B78 


8.6 


7,2 


1.1 












1,800 




125 


mi 


9.5 


6.7 


1.6 














m 


9.5 


fi.(i 


l.-t 


.7.9 . 








1,600 






660 


10 


6.6 , 


1.1 


17.8 . 












6K0 


9 


7.2l 


1.6 

















2.4.5 p. 111. 
3p.m... 



74.34 123.5; 654 



Rt(U!iE, iDpludlnj; itwoepln)is from tubes aiut bntflcH. 628 poimdp. 
Per rem of moislurc Iti tiwl by welghtne anrt drjiuR mniplc. 3.14, 

AversK« Inlerval between flrlntn. six minuter. Kaked and nlloed nlleniHtely bvlween filings. 
Octaxlonal flaiars In !<Uwk, Avemge smoke by BiDgelmaao cbarM, i. 
Total welgbl of eoal fired. e.«9S pounds. 
Total vfelght of water fed. 80,747 pounds. 



Ik 



NAVAL "LIQUID FUEL REPOBT. 
lo. 9.— JVjK »/ HohtnOtin waterAubt marine boUer, October t6, 1901. 

[Fourhoun' duration wllh forced dnfl, uiingcoal u a fuel.] 







1 

I 


1 
1 

1 




Air prcHim In Incbe* ul wiitcr. 


nme. 




I 
i 

1 


1 


1; 


i 


i. 

1 




i 

a 


1 


1 

1 




Lbt. 


"F. 


7»r 


"/■. 
















12.45 p. m. 


275 

275 


112 


3)W 
397 


290 
292 


0.978 
.979 














2.10 


2 


1.40 


1.25 


1.06 


-0.90 


1.15p. .»-. 


275 


110 


397 


294 


.980 


2.10 


2 


1.45 


1.25 


1.05 


- .96 


1.30 I., m.. 


275 


110 


397 


292 


.979 


2.10 


2 


1,45 


1.25 


1.10 


- .95 


1.45 p. 11... 


275 


112 


397 


297 


.682 


2.10 


2 


1.4& 


I.IW 


1.16 


-1 


2p-'" 


275 


lis 


397 


294 


.9H0 


2.10 


2 


1.45 


1.30 


1.16 


- .95 


2.15 i>.m.. 


275 


116 


397 


296 


.981 


2.10 


2 


1.45 


1.30 


1.10 


-1 


2.30 p. III.. 


275 


112 


397 


294 


.980 


2.10 


2 


1.45 


1.25 


1.10 


-1 


S.46p.m.. 


275 


112 


397 


296 


.981 


2.10 


2 


1.46 


1.2.1 


l.IO 


-I 


3p.iu 


275 


112 


397 


293 


.979 


2.10 


2 


1.45 


1,25 


1. 10 


-I 


3.15 p.m.. 


275 


112 


397 


292 


.979 


2.10 


2 


1.40 


1.20 


1.05 




3.30 p. 111.. 


275 


112 


397 


294 


.980 


2,10 


2 


1.40 


1.20 


1.05 


-i 


3.45 p. 111.. 


275 


110 


397 


293 


.979 


2.10 


2 


1.40 


1.20 


1.05 


-I 


-*?■"> 


275 


110 


397 


292 


.979 


2.10 


2 


1.40 


1.22 


1.05 




4.15 p. 111.. 


275 


112 


397 


292 


.978 


2.10 


2 


1.40 


1.22 


1.05 


-1 


4.30 p. m.. 


275 


112 


397 


291 


.978 


2.10 


2 


1.40 


1.25 


1.10 




4.45 p. m.. 


375 


112 


3H7 


2W 


.980 


2.10 


2 


1.40 


LS.-) 


1.10 


-1 


.\V,T.1C..... 


L'7S 


111.75 






.980 


2.10 


2 


1.43 


1.25 


I.OH 


- -^ 



Kind of luc 

Wood burnt ^... 

Coal burned In sLutIng flrta, 2,^00 puunds. 



GOAL TESTS. 
No. 9.— Tm* of Hohemlein tvaler-UOe marine boilfr, October £6, 1901. 

[Four boan' duiatlon with fgiced draft. uslDg cuhI u a fuel.] 



1.4.1 p. m . . 

2 p.m... 
2.15 p. m 
2.30 p. m 
2.-tii p. m 
3p.m.., 
3.15 p. ui 
3.30 p. m 
3.45 p. lu 
4 p. 1.1... 
4.1b f. m 
4.30 p. Ill 
4.45 p. m 



6. r I 1. 5 

fi. B j 1. S 



2, 450 I 19, U7 



17.3 I 2,250 17,911 



Refuse, IncludlUK Hwcepltigg from tubes and ban«<. 732 pounds. 

Per cent olmolMure tn raal by weighing and drying maple, S.14. 

A vera^ interval between S rings. 6 mlnulrai. Kaked and sliced altemal 



queni flrei In slack. 
Tolal ponnda of cr 
Total [Hiunda ol w 



verBgomaoke by 



Llely between Hringa. 



34 



t i 



?? 



NAVAL '* LIQUID FUKL BEPOBT. 



No. 10. — TeM of IfohrrtMein vxUer-tube murine fxfiUr, Xoremhfr <J, 1901. 

[Eight hcMirH* duration with natural draft.] 



Time. 



H.45 a. fn... 

9 a. Ill 

9. 1 5 a. tri 

9/M) a. Ill . . 
9.45 a. rn . . 

10 a. Ill 

10.15 a. Ill . 
10.;{0 a. Ill . 
10.45 a. Ill . 

11 a. Ill 

1 1. 15 a. Ill . 
ll.:{Oa. Ill . 
11.45 a. Ill . 

12 III 

12.15 )». Ill . 
IZ'Mi |). Ill . 
12.15 p. Ill . 

1 p. Ill 

1. 15 p. Ill . . 
\.'M) p. Ill .. 
1.45 p. Ill . . 

2 p. Ill 

2.15 p. Ill . . 
2..'(<l p. Ill .. 
2.45 p. Ill .. 

<{ p. Ill 

•{. 15 p. Ill . . 
3..'{0 p. Ill . . 
3.45 p. Ill . . 

4 p. Ill 

4.15 p. Ill . . 
4..'M) p. Ill . . 
4.45 p. Ill . . 

As'tTiiu*' . . . 



i 






IJ,f. 

Tth 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 
275 
275 
275 
275 



275 






r 



t 

2. 



' /'. 
20 
24 
120 
2« 
tiS 
19 
27 
20 
29 
19 
24 
2« 
24 
2« 
M) 

;<o 

24 
2n 

:wi 

20 
40 
20 

:io 
:jo 

22 

20 , 

2-1 

25 

2^» 

24 

125.94 



Calorimeter. 



t 

m 

X 



X 

" F. 
402 
402 
402 
402 
402 
402 
402 
404 
402 
402 
402 
402 
402 
402 
402 
402 
403 
40<( 
403 
4(r2 
403 
402 
402 
402 
403 
402 
102 
402 
102 
402 
402 
402 
102 



't 

t 






:i02 
;i06 

314 
310 
311 
320 
320 

:i'io 

313 
312 
310 
312 
310 
310 
30S 
312 
:i09 
311 
314 
3 1 3 
310 
311 
310 
:{01» 

:ioi» 

310 
3)0 
310 
310 
311 
3)0 
30H 
310 







a 



5" 



98:^ 

985 
990 
991 
988 
997 
\¥dl 
JW8 
989 
989 
987 
988 
987 
987 
980 
988 

\)m 

989 

989 
987 
988 

9H7 
987 

\m\ 

987 
987 
!W7 
987 
988 
!m7 
980 
i»87 

.9KM 



Air prewurefl in inches of water. 



X 



—0.05 



.a5 
.a5 
.a5 
.a5 

.05 
.05 

.a'> 

.05 
.05 
.05 
.05 
.05 
. 05 
. 05 
. 05 
.05 
.05 
. 05 
.05 
.05 
. 05 
. 05 
. 05 
.05 
. 05 
. 05 
.05 
. 05 
.05 
. 05 






— 0. 



k 



e 



— 



10 

— .10 

— .10 

— .10 
-.12 
'— .14 

— .20 

— . 20 '— 

— .17 — 
-.18 - 

— . 15 — 

— .20 — 

— .18 — 

— . 18 — 

— . 15 — 

— .20 — 

— .20 — 

— .20 — 

— . 18 — 

— . 15 — 

— . 15 — 

— . 14 — 
- . 14 — 

— . 14 — 

— . 14 — 
. 15 — 

- . 15 — 

- - . 15 — 

. 15 — 

. 15 — 

- - . 12 - 

.12 — 

.12 - 



X 



mm 



— 

2 — 

2 — 

2 — 

2 — 

2 — 

4 — 

5 — 
o — 
r> — 
^ '— 

5 — 

o — 

O 

I- 

5 — 

(i — 

() — 

o — 

.') — 

5 — 

o — 

4 — 

4 — 
o — 
;> — 

5 — 

5 — 

;> — 

•> 

'> __ 



10 
10 
10 
15 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 



'i 



05 



15 



14 — . 19 



—0.50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 

— .50 



Hlitif of wi'ii())<>r. cli'nr niKl huiiii<1. 

liiironwtrr nt iMM>ti.:wi.'Jii liichi'M. 

Kitt'l of fiti*l, I'iM-HhoiiinN ciMil, hNiKt |ilrk<H| mul mt%'%^\w*\. 

Wo«m1 Wiiriiiil III HinrttiiK flri'ii. :t.'iO immiiiiIm 

<'4ml hiiriM'd In MmKIiik fin**. 'l,lyri |n>iiiii1n. 

ANlieti licfuru l>vKllililUg Usiit, 22>'> immiihU. 



•l 



GOAL TESTS. 

No. lO.—TfM of Hohfnmein watfr-tiiU tiiariim 



oiler, November 6, 1901. 







[RiShlho 


"■"''" 


tlot, wl 


J 

I 
* 

IM. 
14.7 


1 rt«Ii.] 










1 

j 

= 

1 

/«- 
2 
2 
2 
2 

I 

2 
2 

•2 
2 
2 
2 
2 

a 

2 
2 
2 
2 
2 
2 
2 

■ ? 

2 
2 
2 
2 

1 

2 
2 

2 


Te 


»^.™., 




> 

11. 1 


tVMl. 


W.ie,. 


■nme. 


1 
62 

tie" 

"62" 

"eo" 
ek" 
"(«'" 

"«3' 

"ai" 


i 
= /■. 

no 

118 
120 
118 
120 
122 
124 
12fl 
129 
124 
12ft 
126 
124 
126 
127 
124 
121 
126 
124 
'^1 

129 
131 
132 
126 

i:« 
i;w 
130 
i;« 
i:)4 

132 
130 


1 
1 

= .■, 
62ft 


I 
1 

lit. 


! 
% 

i 

1 


1 
I 


i 

f 
1 


8.4!ia. Ill .. 


Lb,. 1 JJ... 


flB.in 










680 


9.5 




















9.45a.m.. 


590 


9.9 


15 


1,582 


1,682 


9.251 1 9,261 


10.15 a. Ill . 
10.30 a. m . 


600 


10 


15.3 









10.45 a. m . 


560 


9.6 


15.6 


988 


2,570 


9,K43 1 19,094 




WO 


9.6 


16.1 












11.45 a. Ill . 


500 


8.8 


16.3 


1,060 


■i,KiO , »,51« 1 28,612 


12.15 p.m. 
12.30 |>. m . 
12.45 p. m . 

I ;to i> m 


6.S5 


" 


16.7 










675 


«.9 


15.2 


1,114 |4.744 ; 8,831 | 37,543 


680 


10,2 


i.'i.a 


I 




1.45 p. m.. 

2p.i'' 

2.15 p. 111.. 
2..TOp.m.. 
2.4.'ip.i.i.. 

3p. Ill 

3.15 p.m.. 
3.30 p. in.. 

3.45 p. m . . 

4p-n> 

4.15 p. m.. 
4.;!0p. m.. 

4.46 p. in.. 


490 


7.6 


16.6 


8H8 


5,6:12 8,961 4H,ntn 


4m 


7.1 














510 


7.6 


16.1 


m 


6,622 , 7,906 1 54,410 


4!I5 


«,a 


15.4 






527 


6.3 


16.8 


8.-W 


T,:i60 , T,9S4 1 62,394 


500 


8.M 















S20 


8.4 


16.6 


9:19 


«, 299 1 7, 754 1 70, 148 


Average.. . 




62.7 


126 


548.4 


8.89 


15.8 


1,037 




8,769 





Reruve, liii'lucKofc nwei-plnKii from Xnben anil bafltes. ^)X nniinis. 
PcrivntoInKilKluiellii'oa) bv wtishinE and clr>'lnK Nim[>]d.»i, 

svtond riling. Sllceil at ii 

, One ciilorimeUiT out of order. Sjiookc by RlnKelman 
TciIuT weight of coal bumcd, N,-.tW poundi. 
Total WGlgbt ol WHivr ltd, 70,148 pouDdii. 
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NAVAL ''LIQUID FUEL BEFOBT. 



No. 11. — TeM of HohengUin waUr-tube marine boiler^ Sovember 9, 1901. 

[Eight houn^ duration with natural draft.] 







• 

2i 


Calorimeter. 


Air preamirefl in inches of water. 




















Time. 




1 


• 

t 
2 
t 


• 

t 

3 
t 


m 


1 




• 

ft. 

B 

i 


• 

1 i* 






mm 

1 

f 

X 


3 

a 


I, 
B 

ft. 

A 


B 


K 
O 

1 


a 

K 
< 

1 


i 


e 

** 

B 

6 


s 

s 


1 

1 














8.45a. m... 


275 


122 


402 


:^oo 


0.981 


-0.05 


-0.08 


-0.08 


-0.10 


-0.60 


9 a. m 


275 


106 


403 


302 


.982 


.a5 


- .08 


- .08 


.10 


.55 


9. 15a.m... 


275 


124 


403 


304 


.983 


- .a5 


- .08 


- .08 


- .10 


- .55 


9.:«)a. m... 


275 


120 


403 


; 305 


.984 


.05 


- .08 


- .08 


.10 


- .55 


9. 45 a. in . . . 


275 


128 


403 


. 306 


.984 


- .a5 


- .08 


- .08 


- .10 


- .55 


10 a. Ill 


275 


127 


403 


1 307 


.985 


.05 


- .08 


- .08 


.10 


- .55 


10. 15a. III.. 


275 


124 


404 


;^8 


.985 


- .05 


- .08 


- .08 


- .10 


- .55 


10.;«)a.iii.. 


275 


118 


403 


310 


.986J 


— .a5 


- .08 


- .08 


.10 


.55 


10.45 a.m.. 


275 


ViO 


403 


311 


.987 


- .05 


- .08 


- .08 


- .10 


.55 


11 a. Ill 


275 


123 


404 


312 


.987J 


— .05 


- .08 


- .08 


.10 


- .55 


11. 15a. m.. 


275 


125 


404 


312 


.987J 


- .a5 


.10 


- .10 


.12 


- .55 


ll.:Wa.iii.. 


275 


123 


403 


312 


.988 


- .05 


.10 


- .10 


- .12 


.55 


11.45a. m.. 


275 


125 


403 


312 


.987J 


- .a5 


.10 


.10 


- .12 


.55 


12 III 


275 


120 


4a3 


312 


.988 


- .a5 


-.10 


.10 


- .12 


- .55 


12. 15 p. m . 


275 


126 


403 


312 


.987J 


- .05 


- .10 


.10 


.12 


- .55 


12.30 1). Ill - 


275 


112 


403 


313 


.988 


- .05 


- .10 


- .10 


- .12 


.55 


12. 45 p. Ill . 


275 


126 


402 


313 


.989 


- .05 


- .10 


.10 


- .12 


- .55 


1 p. Ill 


275 


113 


402 


314 


. 989. 


- .a5 


- .10 


.10 


.12 


- .55 


1. 15 p. ni .. 


275 


124 


403 


313 


.987. 


- .05 


.10 


- .10 


- .12 


- .55 


l.;^p. Ill .. 


275 


118 


403 


314 


.989 


- .05 


.10 


.10 


- .12 


- .55 


1.45 p. in .. 


275 


132 


403 


314 


.989 


.05 


- .10 


- . 10 


.12 


- .55 


2 p. Ml 


275 


120 


403 


314 


. 989 


- .05 


.10 


.10 


- .12 


.55 


2. 15 p. m .. 


275 


130 


404 


314 


.988J 


.05 


- .10 


.10 


- .12 


- .55 


2. .30 p. Ill . . 


275 


122 


403 


314 


.989 


.05 


.10 


- .10 


- .12 


- .55 


2. 45 p. Ill . . 


275 


128 


403 


314 


.989 


.05 


.10 


.10 


- .12 


- .65 


3 p. m 


275 


117 


403 


314 


. 989 


.05 


- .10 


- .10 


- .12 


- .65 


3. 15 p. in .. 


275 


122 


403 


314 


. 989 


.05 


.10 


- .10 


- .12 


.65 


3. :^ p. Ill . . 


275 


122 


404 


314 


. 988, 


.05 


.10 


- .10 


- .12 


.65 


3. 45 p. ni . . 


275 


122 


404 


314 


.988. 


.02 


- .10 


.10 


- .12 


- .65 


4 p. ni 


275 


118 


404 


314 


.98Hi 


.02 


- .10 


- .10 


- .12 


- .65 


4. 15 p. Ill .. 


275 


123 


404 


314 


.9H8i 


.02 


- . 10 


- .10 


- .12 


- .65 


4. 30 p. Ill . . 


275 


123 


403 


314 


. 989 


.02 


• .10 


- .10 


.12 


- .65 


4. 45 p. Ill . . 


275 


124 


404 


316 


.\ms 


.02 


- .10 


.10 


.12 


- .65 


AvoraKe ... 


275 


1 22. 3 






.9H7 


.(M5 


.WW 


- .094 


- .114 


— .648 


■ mmmm • ■ r 









8tAt<? of wcHthcr. (*lonMy, fM-i'iialniial miti. 

Ran>uu>t4T at wnm. '.¥) \h ltirh«'«. 

Kind of fiK'l, I'lK'nliontAH f'iml, Imtid filfki"*! mnl MTiMnn**!. 

Wood hiirrird in ntnrWuit flrt**. n/Mi fM>iitid«. 

Cual bunie<l in RtMrtliiK flrtHi, l,iiVf |Niiiiid«. 
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OOAL TESIS. 

No. 11. — Tal of Bohenitein waler-lubt marint boiUr, Nonemher 9, 1901. 

[El«bt taODn' ddraUon with nMural dnft.] 





a 

1 

t 

X 


Tempers ture. 


FlueiBwei. 


Coal. ■ W«Wt. 


Ttae. 


\ 


5 
< 


1 
1 

1 


i 


! 
1 


1 
I 
1 

E 


t 

i 
1 


1 
1 


t 
f 




la>. 


T. 


-F. 
92 
88 
88 
94 
98 
107 
108 
120 
120 
130 
126 
122 
126 
129 
128 
132 
138 
136 
135 
128 
142 
140 
138 

i;t6 

132 
132 
138 
136 
136 
139 
137 
142 
144 


"F. 


Fad. 


I*.. 


u». 


u». 


lb: 


tbt. 




1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


"52"' 
"52" 
"55" 


512 


9.4 


15.1 








9.15ft. m... 










515 


7.6 


15.6 










938 


938 . 8,456 


8,456 


10a. Ill 


512 


6.3 


16.9 


10.164.ro.. 










485 


6.2 


18.3 












937 


1,875 


7.067 


15.522 




505 


8.4 


15.9 












510 


6.9 


16.4 










937 


2,812 


7,673 






515 








12. 15 p. m . 
12.30 p.m. 
12. 4ft p. m . 

1 p.m 

1.16 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2p.ro 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3p.m 

3. 15 p. ro . . 
3. 30 p. ni . . 
3.45 p.m.. 

4p-'n 

4. 15 p. m . . 
4. 30 p. m . . 
4. 45 p. ro . . 




1 










630 


8. 9 j is 








21 i 59 
3 ' 

\ i;::::: 

2 i"57" 

\ !:::::: 

2 ""57" 
2 1 

\ !:::::: 

2 60 
2 ' 

^ [:::::: 

2 [ 60 


1.014 


3,826 


8,768 




660 


9. 3 I 14. 9 












530 


7.4 1 15 










968 


4,794 


8,772 




620 


8. 6 1 15. 8 












540 


9.4 


14.4 










<m 


5,734 


8,463 




525 


8.1 


15.3 












525 


7 


15.8 










888 


6,622 


8,079 


57,267 


523 


8 


15.3 










627 


8.6 


16.5 










814 


7,436 


8,163 










Average . . . 


1 65.1 


125.4 


521 


8 1 16.15 


980 


['•'"■ 





Aihes before be^nlng tent. 303 poundg. 
Ashes durlDg t«nl, bSl pnunds, 

Refuw. Including sweepings from lubes and baffles. 356 pounds. 
Per cent of moisture In coal by weighing snd drying sample, 1,16. 

Fired eveiy 6 minutes. Raked after cacl secondflrbig. No slicing until last two lioun. the 
Bach hour. Fire* thin. No flaming In slack. Very ItlUe smoke; none eicept while firing. 
Total weight of coal flred. 7,136 pounds. 
Total welshl of water led, 65,430 poVlnda. 
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f » ^ fft 
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n \'t ft n, 
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M7 


UfA 
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\) '4f ft m 


/•/o 


r/0 


Vf/. 
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MM} 1 


M %'f ft tf, 


rr, 


11/ 


itf/ 


;'>»7 


. oh;» I 


\ 1 11, 


V/'% 


!'/< 


iff/ 


:Kr/ 


i^'» 1 


\> l'» ^/ f^r 


n-i 


('»»i 


10/ 


:}<Mi 


.OH'H I 


1 > y/ p /n 
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r^< 
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:joi 


.S\K\S 1 
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VN 
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;jo7 


OMi;^ 1 


1 f' M> 


'>/N 


MO 
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;i07 


. OH'J^ 1 


I I'l |r M( 


>/N 
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KM 


:MMi 


uMn 1 


1 I'f )> (M 


'ih 


110 
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OHM 1 
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1 •" 
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1 
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UK* 


Mori 


OKI 1 
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*,u 


\U\ 
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OMV'i 1 


' I'l |f In 
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OH;t 1 
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•'hill mI t«(iitii(i \%\\\\ Mltil iMi-li H>'l 

I|i|»iiMn l| t ttl M'otM <tll MM Ihi in •• 
iMnl (|( iMi i I M« mIimIMmm t'littl l))Mol |«li |ii*l Mini mi'I«>i<im*iI 
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0. f<F 


0- *i » 


0.75 


0. 52 


-0. -\> 


.V; 


.40 


.4«» 


.:*> 


- .50 


.f«5 


.'^1 


.»>7 


..S5 


- . 55 


.^*r, 


.^) 


.70 


..5i> 


- .55 


.fi5 


.H) 


.70 


.52 


- .55 


.(li^ 


.HO 


.70 


.52 


— .55 


.wi 


.H5 


.70 


.52 


.55 


.91^ 


.H5 


.70 


.52 


- .55 


1 


.H7 


.72 


.52 


- .55 


A¥.) 


.KO 


.72 


.52 


- .55 




.KO 


.70 


.52 


- .55 




.SO 


.70 


.52 


.55 




.80 


.70 


.52 


- .55 




.HO 


.70 


.52 


- .55 




.KO 


.70 


.52 


- .55 




.HO 


.70 


.52 


- .55 




.HO 


.70 


.52 


- .55 




.HO 


.70 ; 


.52 


- .55 




.HO 


.70 


.52 


- .55 




.HO 


.70 


.52 


- .55 




.HO 


.KH , 


.52 


- .55 




.HO 


1 


.52 


.55 




.HO 


.(W 


.52 


- .55 




.HO 


.«iH 


.52 


- .55 




.HO 
.70 


.(W 


. 52 


- .55 


.07 


.(iO 


.51 


- .55 



COAL TESTS. 
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No. 12. — Tetit of HohenM^ln ivater-tube marine hoUer, November 18^ 1901, 

[Six hours' duration with forced draft.] 



Time. 



9 a. m 

9. 15 a. m .. 
9. 30 a. m . . 

9. 45 a. Ill . . 

10 a. Ill 

10, 15 a. m . 
10.80 a. m . 

10. 45 a. Ill . 

11 a. m 

11. 15 a. Ill . 
11.80 a. Ill . 

11. 45 a. Ill . 

12 m 

12. 15 p. Ill . 
12. 80 p. m . 
12. 45 p. Ill . 

1 p. in 

1. 15 p. m .. 
1.80 p. Ill .. 

1 . 45 p. ni . . 

2 p. ill 

2. 15 p. Ill . . 

2. 80 p. Ill . . 
2. 45 p. Ill . . 

3 p. m 

Average ... 



be 
be 






60 



Temperature. 



Flue Kft>seH. 



-'J 

2i 
2i 
2i 
2* 
2i 
2i 
2} 
2} 

2i 
2i 
2} 

n 

21 

■a 
n 

2 



^ 
« 



c 



7/j*. I o F. 
2} 50 

2} 

2J 
21 
3 



51 



52 



58 




58 



58 



52 



hi 



5 

X 

c 



90 

or 



d' 



J 

S 

C 
a. 

u 

a. 



t 

Q 



°F. 

92 

92 

102 

104 

100 

98 

105 

107 

108 

109 

109 

106 

ior> 

109 
107 
108 
110 
108 
108 
107 
102 
106 
106 
106 
104 



/: PfT rt. ' JM. 



502 7.4 I 14.9 



6a5 I 8 



14.5 



590 7.2 I 14.6 



Coal. 



Water. 






■s 



i 



Lbx. 



c 



5 

^ 



AftK. 



/-,/>*«. 



1,282 ; 1,2,82 11,100 



590 6. 8 



14.9 



590 



i. t 



14.4 



590 



580 



8 



15 



1,588 



6.4 18.9 



570 
590 



6.1 i 14. 1 

j 1,580 

8.2 14.5 I 



5a5 
600 



6. 1 16. 8 



105 



575 



580 



1,480 



7. 4 14. 8 



6. 5 14. 4 



1 , 2:^ 



7. 15 14. 7 



1, 898 



5,728 18,897 



7,158 



8,388 



12,701 



11,712 



c 



Lbs. 



11,100 



1,383 2,615 : 10,625 21,725 



4, 148 12, 054 I 83, 779 



47,176 



59, 877 



10, 396 70, 278 



Anhes before beginninjr test. 526 pounds. 
Ashes durinjr te«*t, H37 pounds. 

Refuse, including sweepings from tubes and bafHes. 562 pounds. 
Per cent of moisture in cohI by weighing and drying sample, 1.59. 

Fired every 7 minutes. Raked after e*ich seconn firing. No slicing. VerA' little smoke. No tlam- 
Ing in stack. 9.15 a. m.. temporary Uysa of air pressure due to window blowing out of firer(X)m. 
Total weight of coal fired. 8..388 |)Ounds. 
Total weight of water fed. 70,273 pounds. 



40 



tft 



JJ 



VAVAL ••LIQUID FUEL BEPOBT 



Xo. 13. — 7>arf /// JMt^nMein traUr'ltJff marine U/Uer, Xormrnhfr ^, 1901, 

'VfMr htmn' darmtkjo with fcirecd dnfu' 



Tlnuf. 



1.15 p. III. 

\.'U) {). III. 

1.45 p. III., 

2 p. Ill 

2.15 p. III.. 

2.'M) p. III.. 

2.45 p. III.. 

.'i p. Ill 

3.15 p. III.. 

'A.'M p. III. . 

.'J. 45 p. III.. 

4 p. Ill 

4. 15 p. III. . 

4.'M) p. III.. 

4.45 p. III., 

5 p. Ill 

5. 15 p. III. 






5 
I 



rj*0. 

275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 



1 



t 

# 

'- F. 
1(X) 
110 

96 

82 
9() 
H8 
90 
W) 
88 
92 
88 
W) 
94 
88 
88 



275 91.4 



i'mXiifinmVkn. 



Air prenoroi in inrbet of vmter. 



2 ! i 






'^ r. 

401 
401 
401 
401 
401 
401 
401 
401 
402 
401 
401 
401 
401 
402 
402 
401 
401 



5 



2m$ 
296 
295 
2SM 
2?m 
29(i 
29;j 
2^4 
2tH 
2^M) 
29<i 

2^m 

25M 
29.S 
2in 
2^*5 
295 



C 



0. 979 


2.1 


.979 


2. 1 


.979 


2. 1 


.980 


2.1 


.979 


2. 1 


.979 


*> 1 


.977 


'> 1 


.978 


2.1 


.978 


2. 1 


.979 


2.1 


.979 


2. 1 


.980 


*> 1 


.977 


2. 1 


.977 


2.1 


.97<J 




.979 




.979 


*> 1 


.979 


2.1 



Kiiitc of u'(>nt)i«T, thin cloiitlN. 

HnroiiivUT nt ikmiii, U().23 iiiclioH. 

Kliul of fuel. riN'uhonUiH conl. hnnd picked hiuI Ncreene<l. 

W(mh1 t»iin)(il ill rttnrtinK tlrttt, aiO {NMindN. 

(Vml bunitMl III rttnrtiiiK flroM. 2.762 poutulN. 

AnIu'm l)cfon' ta*Kliiiii|iK U*Ht, 2(17 iMJUnds. 






2 
2 
2 

9 
•> 

2 
2 

9 
9 
9 

9 
9 
9 
9 
9 






1.90 
1.60 
1.65 
1.65 
1.50 
1.62 
1.60 
1.45 
1.57 
1.50 
1.40 
1.45 
1.60 
1.57 
1.62 
1.60 
1.60 



2 1.58 1 





.2 




2 




2 




2 




2 




-' 




2 




9 




2 




1 




1 




1 




2 




9 




2 




9 




9 




.18 



0.90 


—0.60 


.90 


.75 


.90 


— .75 


.90 


— .80 


.90 


— .80 


.90 


— .75 


.85 


— .75 


.80 


.75 


.85 


— .80 


.80 


— . 75 


.80 


— .75 


.82 


— .80 


.90 


— .80 


.90 


— .80 


.85 


— .80 


.85 


— .80 


.80 


— .80 



. 86 ,— . 767 




COAL TESTS. 

No. 13. — TM of HohenfUin imltT'tuhe maritte MUr, November #7, 1901. 

(Four houni' duration with farced dr^t.] 





1 

1 

I 
s 

•s 


^.p.^™. 


FlaegMH. 


r«i. 


Warer. 


Tltoo. 


^ 

^ 


1 


i 

i 


ro,. 


1 

i 

1 
t 
i 


i 


1 


1 

i 
I 


i 
f 


1.16 p. m . 
1.30 p. 111. 
1.45 p. m . 

2 p.m..-. 
2.15 p. m . 
2.30 p. m . 
2.45 IK III . 

3 p.m.... 


1<U. 

1! 
li 

n 

2| 

!t 

2! 

n 
n 
n 

21 

n 

31 
21 


T. 

40 

...... 



40 

40 



40 


SO 
R3 
«5 

flfl 
86 
H7 
H7 

m 
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1 1 
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1 1 


s-eai 
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13. S 
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7.4 


13.8 


2.VI11 


5,674 ' 22,436 1 43,.">fl9 

1 


3.;io p. Ill . 

.1.45 p. m . 
4p.m.... 
4.15 p. m . 
4.:» p. m . 
4.46 p. m . 
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5.15 p. Tu . 
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H,23« 22,090 6.5, OSS 
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13.2 
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fl.2 
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2,458 


10, 6M 20, 535 1 86,104 












40.2 




8.64 


13.5 


2.674 




1 













Refute, Including nneE 



seplng!! from 



Fired everv 6 minuter. ftKked after each wcond Hrlnii. No Hrca In ntsck. Vcr; little emokc 
AveiB«e bv RlnEeliuanti charts, |. Bnller i-s.<dnB red hot In places oppodte the combuatlon cbsmbei 
The uptake Ik about 60 per tent lar)cer than In All prevloui leets. 

ToUl wetgtit of roKl llred, lO.BW pounds. 

Total weight of water led. S6,1!M pounds. 
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No. 14. — Test of Hmvetistein vateMuhe marine boiler ^ December 16^ 1901. 

[Six hours' duration with forced draft.] 



10.30 a.m. 
10.45 a.m. 

11 a. m ... 
11.15 a.m. 
11.30a.m. 
11.45a.m. 

12 m 

12.15 p. m 
12.30 p. Ill 
12.45 p. m 

1 p. m 

1.15 p. m. 
1.30 p. m. 
1.45 p. m. 

2 p. m 

2.15 p. in. 
2.30 p. m. 
2.45 p. m. 

3 p. m 

3.15 p. 111. 
3.30 p. III. 
3.45 p. III. 

4 p. Ill 

4.15 p. m. 
4.30 p. m. 

Average . . 
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79 
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32 
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Lbs. 


W>*. 


JMtt. 


605 




7.2 


i 
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725 




9.4 
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2,364 


2,364 


18, 756 


18,756 


600 




6.5 
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/'. 

74 

70 

i 

I . . . 

695 7. 3 

6 2,557 

740 8. 5 



4,921 17,721 36,477 



910 



9 




2,468 1 7,:^9 18,055 I 54,532 



2,270 , 9,659 



17,820 I 72,352 



•85 



8.5 



2,367 I 12,026 18,037 



8:w 

740 



7.8 



.7 



32.3 



/ / 



766 



8.1 



2,033 



14,029 



2,038 



18, 374 



18, 127 



90,389 



108, 763 



Start delayed by the freeziuK of the feed pipe. Fired every 5 minutes. Raked after each firing. 
Clinker in left furnace at end of second hour. The firing was even and good, except when the fires 
were allowed to get t(X) thick. The usual thickness was 8 inches to 10 inches, but at one time 12 
inches were carried when flames appeared in the base of the stack. The flames would la.st but a few 
seconds, during which the stack temperature would go up to 1050° P. Average smoke by Ringelmanu 
charts, 1|. The uptake area is about twice what it was in the first twelve tests. 

Total weight of coal fired. 14,029 pounds. 

Total weight of water fed, 108,763 pounds. 
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So. in.—Tfxt of Ifiilu-iulflii •r.iler-UiU iimriiif fxilUr. l>rreml^r IS, 191)1. 

[ElKlit liwiW <1iinitLi'n. wiih iiHtiinl ^IrsH] 
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COAL TEST9. 
No. 15. — Tfrt iif IfahetttUiii vMler-lulie m 
[Eight hoiirx' duistlon, wll 
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U.30 a. 
9.45 a. 
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10. la B 

10.30 a. 
10.45 a. 
llH. m 
11.15 a 
11.30 a 
11.45 a. 
12 ni.. 
12. 15 p. E 
12.30 p. n 
12.45 p. II 
1 p. ni . . 
l.lSn.m 
1.30 p. m 
1.45 p. m 
2p.m.. 
2. 15 p. in 
2.30 p. m 
2.45 p. m 

3 p.m.. 
3.15 p. m 
3.30 p. u> 
3.45 p. m 

4 p.m.. 
4.15 p. m 
4.30 ]i. m 



If MkT, December 18, 1901. 
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Ashes during te»l. 701 pounds. 

KetuH, liicludlns eneepinES [ram lubea and baffli 

Per cent ol moisture In eiwl. by thtmleBl analvtils 

Fired ercrv 10 minutes. Rakod iiftereneh firing. 

Total weight of <:oal flrcd. u.isi pound". 

Tola) weight o[ water fed, 81,018 pounds. 
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LtQDID FUEL REPOKT. 

ri vatiT-tiilH- maritif Ijoller, December ^1, 1901. 



n' duratlnn wflh ti 



Ir prvnaurcH, In Inuhe* ol 
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10.45 u. II 
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U.4Ra. II 

12 111.... 
12.15 I.. > 
13.311 1.. r 
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1.15 |>. Ill 
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1.45 i>. Ill 
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24 


07 1 - 



Xliul c<f fuel, mtvhiintw ciwl. liiiiil |>li-k. 
W»id iiuniHl In nUrtttiK Hrpa, 4MI [niuti'l- 
Owl burniid lu aUnliis Hiv^ 3,13U |ii>uii<l>' 



COAL TESTS. 



47 



No. 16. — Test of Hohenstehi nxiier-tube marine boiler y December ^i, 1901. 

[Four hours' duration with forced draft.] 



9.45 a. in 

10 a. m 

10.15 a. m.. 
10.30 a.m.. 
10.45 a. 111.. 

11 a. m 

11.15 a. m.. 
11.30 a.m.. 
11.45 a. m.. 

12 m 

12.15 p.m.. 
12.30 p.m.. 
12.45 p. m.. 

1 p. Ill 

1.15 p. Ill 

1.30 p. in... 
1.45 p. m... 

Average...' 22' 64, 800 8.9 9.0 1.1 22.3 3,153 



3 
O 



K 


K 


if 


•s 


£. 


«l^ 


c 


k 




V 


s 


« 


-^ 


i( 


^ 


•>*■ 
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23, 106 



Ashes before begrinning test. 105 iKuiiids. 

A.shes during test, 046 pounds. 

Refuse, including .•^weepings from tubes and baffles, 89o pounds. 

Per cent of moisture in eoiu by chemical analysis, 0.73. 

Fired every 5 minutes. Raked after each firing. Occasional flames in .stack. Very little smoke. 

Average bv Ringelmaiin charts, 1. 

Total weight of coal fired, 12,612 pounds. 

Total weight of water fed, 92,423 pounds. 
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No. 17. — TeM of Iloheiiifti'ia wtiter-tuhe marine fKiiler, Jtniuan/ lly 1902, 

[Three hcnirx' duration with fon'cd draft.] 






Time. 



X 



Qiloriraeter. 



c 

c 



X. 





/^>x. 


^ F. 


"F. 


°F. 


10 a. ni 


275 


S« 


-ItK) 


280 


10.15 a. Ill . 


275 


90 


400 


283 
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85 
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400 
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12.15 p. Ill . 
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85 


401 
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Vl.\\k) p. 111. 
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84 
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292 


12.45 p. m. 
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*,)4 
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1 p. Ill 
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89 


401 


289 


Averap^'... 
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970 
972 
973 
972 
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974 
975 
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977 
976 
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974 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



Air pressures, in inches of water. 



2. 20 
2.10 
2.25 
2. 20 

1 . 95 
2.20 
2.10 
2.20 

2. 20 
2 

2.20 
2.20 



y. 



1.:^ 

1.30 
1.50 
1.60 
1.40 
1.50 
1.40 
1.30 
1.45 
1.50 
1.50 
1.45 
1.45 



.2 



JZ 



0.75 



79 



.80 
.80 
.80 
.85 
.85 
.80 
.85 
.82 
.85 
.90 
.90 



State of weather, dark. fo^. and sniokf. 

Barometer at noon. 29.5H inches. 

Revolutions of blower. 42;^ per minute. 

Kind of fuel. P(X?ahontas('oal. hand-pieked and screened. 

W«.»od burned in starting fires. iV) p<iunds. 

Coal burned in starting fires. 3..V>4 ix>unds. 

Ashes before beginning test, 151 pounds. 
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0.10 ' 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 I 
.10 
.10 
.10 



-0.55 

- .55 

- .55 

- .55 
- .55 

- .55 

- .55 

- .55 

- .55 
~ .55 

- .55 

- .55 

- .55 



3 2.16 1.44 .82 .10 



.55 



COAL TESTS. 



49 



No. 17. — Test of HoJienstein ivaier-tube marine boiler y January 11 j 190S. 

[Three hours' duration with forced draft.] 



Time. 



10 a. m . . 
10.15 a. m 
10.30 a. m 
10.45 a. m 

11 a. m .. 
11.15 a. m 
11.30 a. m 
11.45 a. m 

12 m 

12. 15 p. m 
12.30 p. m 
12.45 p. m 
1 p. m . . . 

Average . 



be 
c 



be 
X 



Ins 



3 
2 

li 
2 



Temperature. 



6 



°F. 

2i ' 

2 






OF. 

75 

78 

i t 



.... 79 
37 I 77 
...., 76 
.... 76 



li 77 

2 36 76 

2 1 76 

2i I 76 

2 ' 76 

2 1 34 76 



X 

c 



eS 

r 



900 
900 
910 



900 
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9.2 .6 



• 

c 






^ 






h 






g 


• 

9 




•o 


o 


o 


c 
s 

a 


A 


X3 






a; 


•c 


V. 


a 
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a 
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Lbs. 



21.8 
21.2 
21.2 



3,749 



850 9. 7 , 9. 5 



4 22.2 



3, 552 



1,200 10.4 I 8.1 .6 19.7 



9.8 I 9.5 .3 I 22.2 



35 I 76. 5 943 9. 7 , 9. 1 



.6 21.4 




26, 430 



26, 037 



25, 952 



Ashes during test, 254 pounds. 

Refuse, including sweepings from tubes and baffles. 1,355 pounds. 

Per cent of moisture in coal bv chemical analysis, 0.73. 

Fired every 3 minutes. Raked after each tiring. Occasional flames instaclc. Practically no smoke. 

At 1 p. m. the draft pressure was increased to 4 inches, and the intention was to run at that pres- 
sure until the supply of coal was exhausted, which would have taken about 45 minutes: but at 1.0C2 
p. m. the test was brought to a sudden stop by the failure of the feed water. 

Total weight of coal Mred, 10.862 pounds. 

Total weight of water fed, 77,857 pounds. 
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Summary o/tevenUen lt»U of H'lheiuUin marine tcaler^ube boUer, bumitig coaL 
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NAVAL "LIQUID FUEL " BEPOKT. 

;/ o/ nemilerii le»U uf IMautem marine IwiUr, Tkcemher 31, 790/— Continui 
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54 NAVAL ''LIQUID FUEL " REPORT. 

INCREASED EVAPORATIVE CAPACITY SHOULD BE DEMANDED OF WATER- 

TVTRK BOILERS OF THE STRAIGHT-TUBE TTPE. 

The result of the capacity tests of the experimental boiler conclu- 
sively showed that naval administrators will be justified in prescribing 
that all straight-tube nav^al boilers should be required to burn at least 40 
pounds of coal per square foot of gmte per hour under forced draft, 
and that in order to effect such a rate of combustion the limit of air 
pressure may be allowed to reach 2^ to 3 inches. By reason of the 
practical ability to secure increased coal combustion in marine boilers 
of the water-tube type the maximum I. H. P. now required of each 
square foot of grate surface should be increased. 

The searching power of air when under several inches water pres- 
sure was likewise conclusively shown during these experiments, for 
great difficulty was experienced in preventing leakage through the 
steel structure. These tests also showed the advisabilitv of ascertain- 
ing whether it is possible to maintain 2 inches of forced draft pressure 
for several continuous hours in all the compartments of a battle ship 
while securing the capacity and efficiency of evaporation that should 
accompany such high air pressure. Greater air pressure has been 
carried in boiler compartments, but careful investigation shows that at 
such times the fires were so thick that the coal consumption seldom 
exceeded 40 jx)und.s per square foot of grate. It will be found in 
practice that the limit to which the entire boiler plant of a war ship 
can be forced is quite different from results secured when the entire 
fire-room complement and all the blowers are employed in experimen- 
tal work upon a few boilers. 

THE PROBLEM OF THE WATER-TUBE BOILER. 

As the board was originally appointed to determine the value of the 
Hohenstein boiler for naval purposes, as well as to conduct experi- 
ments wherein definite data could be secured relating to the naval- 
boiler problem, special observation was made as to the endurance of 
this type of boiler when using both coal and oil. 

The !)oiler problem is of such importance in mantime matters that 
the solution of the fuel question is intimatly connected with the design 
of the steam generator. 

The following extract from the report of the Engineer in Chief of 
the Navy, Rear- Admiral George W. Melville, U. S. Navy, for the 
fiscal year ending June 30, 11H)2, so succinctly states the importance 
of the l)oiler problem in naval warfare that the Liquid Fuel Board 
incorporates these views as reflecting its general opinions upon the 
importance of installing an approved type of boiler that will possess 
both economical efficiency and endurance under severe forced-draft 
conditions. 
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THE PROBLEM OF THE WATER-TUBE BOILER— THE HOHEN8TEIN BOILER TRIALS. 

The present problem of the modem battle ship is not that of the gun and its 
mount, but the boiler and its installation. The gun is mounted in the most favorable 
position for care, operation, and inspection, and practically everything on board 
ship is subordinated to its efficient working. Since a large factor of safety is given 
to every part of the weapon that is subjected to shock, the gun can only be impaired 
by incompetence, neglect, or by chemical action of the explosive. Before it is 
placed in a turret or redoubt it is fully tested, but it is never put on board ship if 
there is a suspicion that it has been subject to undue strain. 

The boiler, on the other hand, is placed beneath the protective deck just above 
the bilges and near the bunkers. It is installed in compartments that are avoided 
rather than sought by other than engineer officers. While a careful test is made of 
the structure before being placed in the vessel, it must necessarily be subjected, even 
before installation, to conditions that often impair its strength. In its constniction 
many of the plates are subjected to the severest kind of flanging, and its eflScient 
inspection is much more difficult than that of the gun. As there has been a pro- 
gressive demand for increased steam pressures, the factors of safety used in designing 
a marine boiler are progressively becoming smaller. The conditions under which 
the boiler is operated necessarily cause some of the parts to be subjected to rapid 
corrosion, and only incessant care and attention can prevent the disablement or 
rupture of the structure. 

The experience of the United States Navy with the boilers of the torpedo boats 
and torpedo-boat destroyers ought to afford some startling evidence as to the 
manner in which incompetent or untrained men can impair or destroy the eflSciency 
of these steam generators. The agitation in Great Britain over the navy-boiler 
question ought also to convince naval administrators that the boiler problem is the 
naval problem of the hour. 

In view of the British experience with the Belleville boiler, it is not surprising 
that the general public of that Empire regard the boiler commission now in session as 
one of the most important boards appointed by the Admiralty during the past ten 
years. The membership of this board comprises distinguished experts within and 
without the naval service. This board has been in session nearly two years inves- 
tigating the question as to which type of marine boiler is most suitable for use in the 
navy as the one of approved design. The Admiralty regard the solution of this prob- 
lem as of vital importance to the efficiency of the British fleet. A series of evap- 
orative and endurance tests of various types of boilers have been made, and the 
more carefully the question is investigated the more important does it appear in 
relation to the operation of a modern navy. 

The work of the British boiler commission will have a very important influence 
upon naval construction, since it will cause thoughtful experts to give more attention 
to the design, construction, installation, and operation of the boiler. One must have 
experience in the operation of a modern marine boiler to appreciate the intelligence, 
skill, and care that must be devoted in keeping it in a state of efficiency. The boilers 
are the lungs of a vessel, although this fact is not generally understood. 

While the war ship may ])e nothing more than a gun platform, it requires consid- 
erable power to move a platform of 14,500 tons at a high speed in a heavy sea. This 
platform is not only expec^ted to be maneuvered rapidly, but to steam uninterrupt- 
edly for a distance of one-fourth the way round the world. The battle-ship that can 
not make the enemy's coast the first line of defense is limited in the field of its 
usefulness, and when operating at such distance the value of the boiler factor comes 
only second to the value of the factor of the gun. 

The efficiency of the war ship of the several naval powers is simply proportionate 
to the efficiency of their boilers and the character of their personnel. Neither in 
armor, armament, or machinery is there any vital difference between the battle ships 
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of the several nations. In these respects, the last ship, wherever designed, is the 
best, for af* regards draft, tonnage, thickness and extent of armor, character and dis- 
tribution of guns, and <lesign of machinery, every nation has settled upon a type of 
vessel that meets its jvarticular requirements, and each navy has therefore secured 
the best war ship for its jMirticular purpose. 

The l)oiler problem, however, has been unsolved. Without taking into considera- 
tion the question of personnel, the value of the war ships of the different naval 
powers can \>e measured by the efficiency and endurance of the steam generator 
installed in the vessel. This fact may not be appreciate*! in its fullness at the present 
time, but the expc»rience of the coming five years with the ships nearing completion 
will conclusively show that in coming naval conflicts the question of victory may be 
quite as much dependent upon the battle of the boilers as the contest between the 
gims. 

With a deep appreciation of the necessity of soon settling upon an approved type 
of marine l)oiler for the battle ships and armored cruisers of the L'nited States Navy, 
the Bureau has invite<l competition among designers. It believes, however, that, 
if possible, a lx»iler of American design should be mlopted, and that this marine 
boiler should be a development of one in general use on shore. By seeking a 
design that Is familiar to thousands of firemen on shore, an important mili- 
tary advantage would l)e secured, since in time of emergency there could thus be 
recruiteil for the naval service water tenders and firemen who had operated almost 
similar steam generators, and who would therefore re<^|uire but little training to 
familiarize them.«elve8 with the duty on lx>ard ship. While the Navy can and ought 
to do some efficient work in training firemen, it would be very advantageous to the 
servict* if the enlisted force in the stokeholes could have considerable preliminary 
training with boilers of nearly like design to the one in most extensive use as the 
approved type for the Navy. 

About two years ago the Bureau was informe<l that an American boiler firm, 
with considerable financial backing, desired to enter the field of marine-boiler con- 
struction. In keeping with the Bureau's policy of inviting competition, encourage- 
ment was therefore given the Oil City Boiler Works to design and build a marine 
boiler and turn it over to the Bureau for test as to its evaporative efficiency and 
endurance. 

The question of entering upon the field of marine-boiler construction had been 
carefullv considered bv the Oil Citv Boiler Works. As the officials of that establish- 
ment believed that the time was not far distant when there would be a large demand 
for marine water-tube boilers, they vohintet^red to equip an experimental plant at 
the comj>any's exp>ense. The boiler was of sufficient size to thoroughly test its 
adaptability for naval puq)oses. There was then*fore constructed a steam generator 
whose limitations as to weight, height, and floor space were similar to the conditions 
prescribeil for the cniiser Denver, and these conditions are in many respects the 
most severe that have In^en exacteil by the Department. Eighteen months ago 
the experimental plant was completed, and there was placed at the disposal of 
the Burt»au a boiler of the Hohenstein design. 

It was well un(lersto<Ml In'fore the Bureau undertook to experiment with this 
boiler that the character and extent of the data to be collei»ted were to be entirely 
detennined by officials of the (Government. In justice to the Oil City Boiler Works 
it should l)e state<l that every suggestion of the Department was carried out, and 
that it was the evident puri>ose of the compmny to accurately ascertain the reqaire- 
ments of the Bureau, and to dis<"(>ver the greatest difficulties that were likely to be 
experienced in meeting naval demands. Stated in a business way, the company 
was willing to exi>end fn)m fifty to one hundred thousand dollars to ascertain 
whether or not it would be advisable to extend their plant to enter the field of 
marine-boiler construction. 
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In many respects the experimental plant was one of the most complete that has 
ever been established. The series of testa conducted will command attention in the 
engineering worid, for absolute information has been obtained as to the evaporative 
efficiency and endurance of the boiler. Information has also been secured in regard 
to the best means of baffling the gases, thus increasing the evaporative efficiency as 
well as permitting the boiler to be forced for emergency purposes. Particular care 
has also been given by the board to the investigation of the circulation of the water, 
for probably the key to the IxMler problem is the question of circulation. 

While only seventeen official tests were made with coal as fuel, there were a great 
many unofficial experiments. Between the several official tests the experts of the Oil 
City Boiler Works conferred with the Bureau, and therefore each test represents 
the result of study and experiment. An examination of the data will conclusively 
show that in many respects the completeness and character of the tests have never 
been surpassed. 

The first six coal tests were run by a picked crew of firemen who had experience 
in torpedo-boat work. It was believed that these men by training and experience 
were particularly well fitted to operate the boiler when under severe forced-draft 
conditions. An experient^e of a few weeks with this force showed that new methods 
in firing had to be employed in efficiently operating water-tube boilers, and that the 
best means of securing efficient work was to have skill and intelligence from those 
in charge of the fire room and implicit obedience upon the part of the subordinates. 
The remaining eleven tests were thus made by firemen living in the city, not one of 
of whom had ever before worked a boiler under forced-draft conditions. The second 
set of firemen implicitly obeyed orders, and it was therefore possible for the board 
to have its instructions carried out. A uniform pressure of steam was maintained, 
as well as a regularity in firing that was productive of good results. 

The data secured can be regarded as reliable, for checks and counterchecks were 
used so that the Bureau could be placed in possession of information that could be 
relied upon as to completeness and accuracy. 

In view of the present condition of this experimental boiler after eighteen months 
of use with both coal and oil as a combustible, considering the results secured, and 
by reason of the report submitted by the board which conducted the series of tests, 
the Bureau has no hesitation in regarding the boiler as the equal in efficiency and 
endurance of any used in a foreign battle ship. 
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THE EXPERIMENTAL PLANT THOROUGHLY OVERHALXED BEFORE COM- 
MENCING LIQUID-FUEL TESTS. 

Upon the completion of the coal tests the experimental boiler and 
various auxiliaries connected with the installation were thoroughly 
overhauled, so that the plant could be put in condition for carrjung on 
the extended series of liquid-fuel tests contemplated by the Bureau for 
years, and which were authorized by the naval appropriation bill 
enacted into law July 3, 1902. 

Preparatory to commencing the oil tests the boiler was opened, 
cleaned, and thoroughly examined. The baffling and lining were 
renewed where necessary. A cylindrical tank boiler for furnishing 
steam for spraying purposes was installed, as well as a new compressor 
capable of delivering air if required at a very high pressure for a 
spraying medium. An asbestos lining was put underneath the fire 
brick of the furnace floor. 

Close observation was made as to the condition of the tubes. It 
was found that none of them had buckled or sprung. There was not 
noticeable an}' leaks or weeping of seams, rivets, or tube ends, with 
some trifling exceptions. 

While the oflicial coal experiments only continued for about nine 
months, the experts of the Oil City Boiler Works had been making 
preliminary tests for a considerable period previous to the commence- 
ment of the oflicial coal experiments. The boiler had thus been sub- 
jected to continuous, varied, and at times severe strain for over a 
year in the conduct of the coal experiments. Particular care was 
taken before commencing the coal tests to note the condition of every 
part of the boiler liable to give trouble, so that a fair comparison of 
the eflfect of using coal and oil as a fuel could be made. 

GENERAL DESCRIPTION OF THE EXPERIMENTAL PLANT WHEN BURNING 

OIL FUEL. 

Fig. 4 is a ground plan of the plant. 

Fig. 5 shows the longitudinal section of the experimental boiler 
with the oil burnei*s in place. 

The Oil City Boiler Works Company's design of burner (fig, 6) was 
used during 33 tests,, the remarks of eac*h official test showing the 
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manner in which its installation was modified and changes made in 
details of construction. Six of these burners spaced 18 inches apart 
were ranged across the front of the furnace, there being a separate 
opening in the furnace walls for each burner. Provision was made 
whereby air could be admitted through the holes as well as through 
the ash pit. Considering the burners as arranged in three pairs, 
those of each pair were inclined toward each other at such an angle 
that their flame impinged near the transverse center line of the furnace. 

The burners were so installed that any one could be quickly discon- 
nected or overhauled by the water tenders, and were placed at a height 
that would make their manipulation comparatively easy. Special pre- 
cautions were taken that all oil fuel joints were made tight and that no 
loss would result from leakage. 

The arrangements for weighing the feed water were substantially 
the same as during the coal-burning tests. The facilities for securing 
various degrees of forced draft were identical with the conditions 
existing when coal was burned in the furnaces. 

METHOD OF WEIGHING OIL USED. 

From the storage tank the oil was pumped as desired into a weigh- 
ing tank, from which it flowed by gravity into the oil-feed tank. From 
this reservoir the oil was pumped into a pipe leading to the burners, 
constancy of the pressure being secured by an air chamber and a relief 
valve. An overflow pipe led from a relief valve back to the feed tank. 
The weighing and feed tanks were fitted with gauge glasses graduated 
to 5 pounds, by the aid of which the exact weight of oil was secured 
at the end of each hour, the same as with the feed water. 

The air for atomizing the oil was supplied by a Root blower driven 
by a direct connected engine. This blower delivered 8 cubic feet of 
free air per revolution, at pressures ranging from 0.78 pound to 4.68 
pounds per square inch. The air pressure was measured by a mercury 
column, the location of which was such that it gave substantially the 
same pressure as at the discharge of the blower. The temperature of 
the compressed air was taken near the same point. A Rand air com- 
pressor was also installed, thus enabling higher pressures of air to be 
used. 

The process of getting up steam in the main boiler was somewhat 
slow, as dependence had to be placed on a small auxiliary boiler for 
driving the Root blower until suflicient steam pressure could be secured 
for that purpose from the main boiler. The auxiliary boiler was only 
equal to the task of supplying the air to two burnei's. 
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cuAHAinrKH or the oil used. 

Wliili*. fli<^ Hiinmii nM'«fivi*d inanv offers from various sources to 
fiirniMli (III {n*4* of cimi at the wolls, careful inquiry showed that there 
wax no rertainfy when thin oil could \h* delivered at the experimental 
planL Miriee time in a j^^reat element in the matter, the l>oai-d deemed 
it Uiu'fHmiry to um* meann whereby a steady supply of oil would l>e 
HMMured and no delay ensue from a lack of liquid fuel in the storage 
tank. The oil was therefore secured from the Standard Oil Company. 

The oil UHcd during most of the experiments was from the lieau- 
monl, 'IN'X., Held. It is said to have l)een subjected to an inexpensive 
treatment wirhli n^moved the*, sulphur and some of the more volatile 
hvdrocarlMMiH. The board !)eli<»v(»d that it would ))e l:)est to use an oil 
that had l»een thus treate<l until some jmsitive information could be 
wMiired iiM to whether or not it was saf<» and advisable to attempt to 
use crude oil. It nlioidd also be stated that delay might have ensued 
If It IiimI Imm'u attempted to (l(»pend upon individual shipments. The 
judyfinent of the Bureau in this r(»spect was vindicated, for there were 
times durinj; (Im^ test>4 when otluM's in the city were unable to secure 
nnv oil at iinv price. 

roNhrnoNH HKTWKr.N TIIK COMIilTHTION ( IIAMHKU AND SMOKESTACK. 

The temperatures in tln^ bast^ of the stack during the oil testes were 
rtMuarkaljlv free from the rapid lluctuations that characterized the 
coal iMirnin^ IriaU. There was seldom tlaming in the stack, and even 
then the lluetualiouN of temperature were a))sent. The stack temjjera- 
lure** uere hotetl by a men'ury-nitix>gen thermometer. It was used 
H\lthout hiUhap thnmjihout the seriesof trials. .Vdvantage was taken 
of the eohMtanev of tlu^ staek teu\peniture to check the readings of a 
\\\\\\\ h quick reading pvnuueler. The pynMuettM* was afterwartls used 
In the furuaee and eUewhere to reconi lenqvi-jilures that were not 
evee'HMlse. Vov tenq»eralures higher than lj»<H> K. a platinum- 
rhodiun\ electric pN rt»nieter \\a> used. The mcasuivments secured 
with thi** instrument »»h\>\\ a niaxiuuuu furnace lenqnM'^ituiv i^f 'J/J<n»- 
|«\ for b\»ih natural and t'oned draft c\>ndili\n\v, 

The ^lraf^ pien^unw \>e»^^ Uicasui^^d at the >iime |HMnts a^ in the 
•Hcnes of v^^Md burning tOHts, an^l thea\eni3i:v ixnuling^ an^ shown dia- 
)^ramaticall\ in K\^s », n, and ^,». 

\s tin \\u\ to the piA*|^M iv^nlalion \»f the ^vipplx ot oil auvl air to 
the bunierH, a nuu>M \>a> v^ plac^nl that tlie nu^n in chat^w^f the tire- 
lAHvm \^*nKI \puck)> note the s^^Km s^C the i^-jisev that i^^utsl trvvn the 
top s^f the xtaek. The K^hiaI v^Mi^uleivxl U x^f v:\>\Ht urqv>n;Amv th«t 
tluvxe \^>vt>*Unji nn od fnol \nxtaUHlUM\ vhvMdxi |swvovv >\Mne devivv 
whetvbv the \NvndMu^n of hIUu'* al the t\^p vM the M^ck v*ji:i S* hiuwe- 
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Aft4*r ronHidenibh* ntudv and dincu^^Hion it w&s decided that it would 
\h» Im'hI U) ^ive each burner an excenM of oil, and this would be shown 
by the HUioke innuin^ from the ^tark. Then there was a gradual reduc- 
tion of the. quantity of oil until just a faint trace of smoke could be 
noticed. 

Dtirini^ some of th<» experiments provision was made for introduc- 
ing^ extra air at th<! sides of the furnace. Holes were cut 8 inches by 
1 J inches throiij(h the side walls, on a level with the furnace floor and 
(floHO to its back wall. A flue was built of loose fire brick across the 
furnacM' floor, thus <'oimecting the two openings. The roof of the flue 
had o|M»iiings between the bricks, thus permitting extra air to be intro- 
duced where the combustion was most intense. This extra air supply 
was cut off during the natural draft and maxinumi forced-draft trials. 
Tlii* aggregate area of all oinmings for the admission of atmospheric 
air into the furruwe is given in the detailed report of each trial. 

KNDrUANCK TKST OF 11*> UOUKS. 

The board particularly deemed it exj)edient to make an endurance 
lest of tlii' plant. (See Table <>.) A test of this nature was therefore 
conducte<l for a continuous period of Hit hours. The torpedo boat 
(nfu'fi was ordered from the Naval Academy, and the torpedo boat 
liniltjrff* from Norfolk, to assist in the experiments. The day watch 
of eight hours was conducted by a regular crew of employees of the 
Oil City Boiler Works, although all the data during this period was 
taken by obs(M*vers from the dnif ting-room staff of the Bureau of Steam 
KngimM«ring. The crt»\v of the (nr!n operated the boiler and auxilia- 
ries during half tlu» night, the crew of the Rinl^jf rn taking the other 
night watch during the entire test. The data during the night was 
taken by the leading petty otlicers of the two torjxnlo boats, the com- 
missioned and warrant otlicers in charge of the respective watches 
clHM'kingHud verifying the data. The character of the records collected 
tluring the night, compared with that secured during the day, shows 
the nniterial etliciency of the crews of the torjHHlo boats even as com- 
imriMl with the highly tniined force of dmftsmen in the Bureau of 
SttMim Kngineering. 

The test was conducted under the giMiend sujXM'vision of the oil-fuel 
boanl. TIh* following four conunis^^ioniHl otHcers had entire charge 
of the I re»s and observers during succe><Mve watches: Lieut. A. M. 
l*i\»ctiM\ Tniled Sialics Navy; hieut. (i. S, Lincoln, United States 
Na\v; Lleul» Willianj K, White, rnitinl States Navv: Lieut. John 
llalligtui, jr., Tnited Slates Navy. These otfiiviN not only supervised 
the work of I he entin^ watch, luit checkinl the data. 

Four warnint nmchinist>, Mevsi*s, v^tin^le, .lohn>on, Sohreiben and 
Kowe, weiv detailed to avNi>t the iH>mnuv>ioned otfitvrs. These war- 
ii^nt oflii^MN weiv plat^nl in elmi^jv of the tiivi>iH>m, 
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After a preliminary run for tlie purpose of training officers and 
crews in taking data and operating the plant, the test was commenced 
at noon on August 4. Experts from the Oil City Boiler Works and 
from the fuel-oil department of the Standard Oil Company were 
present during each day, and at times visited the plant at night. The 
members of the board, the commissioned officers in charge of the 
watches, the warrant machinists in the firerooms, as well as the 
enlisted force of the toipedo l)oats, availed themselves of the oppor- 
tunity to secure advice and assistance from these experts, who, by 
reason of their training, experience, and opportunity are and ought 
to be particularly well posted upon the subject. After the first day it 
was seldom that these experts even offered a suggestion as to operat- 
ing the burners. They declared that the commissioned officers in 
charge of the watch and the warrant machinists took such interest in 
the work and had so quickly grasped the salient points of effecting 
complete combustion of petroleum as a fuel that it was best to turn 
over the plant to the sole management of such observing and skilled 
officers. 

The oil burners used during the endurance test were so regulated that 
thev consumed about KM) pounds of oil per hour. Although the data 
were only recorded at hourly intervals throughout the test, there were 
unofficial readings and checks made between the hours, thus noting 
whether uniformity was maintained in the performance of the boiler. 

At 10.40 p. m., on August 5. the transformer on the electric-light 
circuit of the plant was burned out, it having been overloaded by the 
extra lights installed for night w^ork. Through the resourcefulness 
of the officers in charge of the test, this accident did not interfere 
with the endurance trial. Candles and lanterns w^ere quickly obtained 
from the torpedo boats, so that the appliances could continue to be 
efficiently operated and the regular data secured. 

The smoke issuing from the stack was quite light and uniform in 
color. From the records of ten observations made during the day 
wat(!hes it appears that the maxinuim variation was from to 1 by 
Ringelmann's charts, the average color throughout the day l)eing 0.4. 

Temperatures taken with a platinum-rhodium pyrometer showed 
1,980" F. near the middle of the furnace. At the receiving end of 
the combustion chamber the temperature was l,90(i- F. 

Toward the end of the test the water in the boiler became very 
muddy. It should be stated that during the entire endurance trial 
the })oiler was fed with Potomac River water that had not been fil- 
tered. It might also be stated that during the past eighteen months 
the experimental boiler has been subjected to just this kind of work, 
using a quality of water which would have been rejected b}" many 
other boiler users. 
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Thi? uoU*m it\f\H'iuM U) the ciftil and oil te»t>4 will nhow in detail the treat- 
twni the Ixiiler receiv<*<i. C)cx;aMionally the gauge-gla^s connections 
woulrl i^et <'lo^|^<*<l with mud, and t^>ward the end of the endurance 
U*Hi it wan iierreHHary t^* l>low Hti*am through them every half hour. 

Two piec<*M of <-arl>on were removed from the vicinity of the sec- 
ond burner from the left; one piece on August 7 and the other on 
August J*. KacM piece was alK>ut 04 cubic inches, and was caused by 
the burner Inking ho placed as to permit the flame to impinge on the 
brickwork of the front furnace wall. 

CUKMiCAU COM POSITION OF THE OIL USED DURING TESTS COMPARED 

WITH THE CRUDE PRODUCT. 

The chara<'ter of the oil used during the official tests can be best 
appreciaiinl by (^omfmring it with the average grade of the crude 
product. The <'liangeK wrought hy the refining process can thus be 
clearly seen by com|)aring the analyses of the crude Beaumont product 
and that used in the experiments. 

Aunhfuin of Ht'ammmt rruile ml. 

Per cent. 

CttrlM.ii ((!) 84.60 

llyilrnt^.n(H) 10.90 

Hul|ihnr{S) 1.63 

()xyKtMi(()) 2.87 

Tin* amcMint of sulphur in different samples of the crude Beaumont 
oil varioH from if to H per cent. 

(*iilorillr vhIiu* |ht iMunuinf comlmHtiMo B. T. U.. 19,060 

H|HMlllt' Knivlt y 0. 924 

Kliiiih iM.liit... °F.. 180 

Fliv point «1(>. . . 200 

On distillation at atmospheric pressure to 524" F. it was found 
that the 

V\vn\ 10 poiMHMit |mM*HHl ovrr U»lt>\v 428 

8<MH»!\ii H> |H»r <sM\t i^mhhI t>vor lH»t wihmi 428 and 485 

Tiiihl ll^ |H'r ivm jmumMl t»vor lM»t\vivn 4S5 and 524 

Knuilh U^ |HM' tN»nt |>rt*^Hl ovor U^twtvn 524 and 554 

AN.\l.\HlS K^V UKAl NU>NT Oil. ISKD UY l.lgril>-KrKI. BOARD AS DETER- 
MINKD \\\ TUK t'llKMlST OK TlIK NAVY-YARI\ NEW YORK. 

On diHtillrttion at atnuvspherio pn\ssun^ to <>S0^ F. it was found that 
with the oil used during the tests 

Fir«t to j*«»r \viU i»H»i«Ht oNor Ivlw^vn * 216and4S2 

S<^^M\»I \k\ |hm *vuI i^^ff^Ht »*\vr Ivtwtvn 4^ aihl 523 

rhii>t to |H»r wnt |H«»<«Hi owr UM\>tvn 523 ami 552 

Ko«Hh to |H»r »vut i^^mmhI oN%*r U*t w^vn 552 and 680 



ANALYSIS OP OILS. 69 

This oil showed on analysis to be composed of the following con- 
stituents: 

Per cent. 

Carbon (C) 83.26 

Hydrogfen ( H ) 1 2. 41 

Sulphur (S) 50 

Oxygen (0) 3.83 

The sulphur was determined by oxidation with fuming nitric acid in 
an open capsule. 

Specific gravity at 60° F 0. 926 

Flash jK)int ° F.. 216 

Fire point do. . . 240 

Vaporization point do. . . 142 

Loss for six hours at 212° F per cent. . 21. 65 

The calorific value of the combustible, calculated on the analysis of 
the United States Chemist by Dulong's formula, viz: 

British thermal units= 14500 C+62100 (H-0 8) 

= 19481. 

These analyses show that nearly all the sulphur was removed from 
the crude petroleum. 

ANALYSIS OF CALIFORNIA OIL USED BY LIQUID-FUKL BOARD AS 
DETERMINED BY CHEMIST, NAVY-YARD, NEW YORK. 

The sample consisted principally of high boiling hydrocarbon com- 
pound with a small amount of water, and has the ultimate composition: 

Per cent. 

Carbon 81.52 

Hydrogen 11. 01 

Sulphur 55 

^^"'■^" 16.92 

Oxygen ) 

It gives the following constants: 

Calorific value by Parr's calorimeter B. T. W. 18,667 

Specific gravity at 60° F 0.966 

Vaporization point ° F. . 230 

Flash and burning point do. . . 311 

Lo88 for six hours at 212° F per cent. . 12. 20 

ANALYSIS OF RESIDUUM MIXTURE OF (^ALII?Y)RMA AND TEXAS OILS. 

The oil used during tests Nos. 68 and 69 were the dregs of the tank, 
and consisted of a mixture of the California and Texas product. As 
it has been maintained by some experts that trouble would be encoun- 
tered in using this mixture, special observation was made as to the 
manner in which it would burn. 
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It would also ))e a matter of interest to consumers of oil to note 
the evapomtivo efficiency of such fuel. An analysis of this mixture 
as made by the chemist of the navy -yard, New York, gave the fol- 
lowing results: 

Per cent. 

Carlxm 84.8.5 

HydnjgtMi 11.33 

Nitn>jrt*ii (30 

Sulphur 90 

Oxy>?tMi 2.82 

On distillation the following percentages passed over: 

Per cent. 

lWt\viHMi400°aml 450° K 8 

IWtwi^Mi 450° Hn<l5S0° K 12 

BetwttMi 5S0°aua (iOO° V 30 

It has the following constants: 

Caloritio vahu* l>v Tarr's ralorinu'tor H. T. I'.. 19,215 

SjHHitii' gravity at (U)° K 0. 966 

VajHirization ix>int ° V.. 130 

Fhish }H»int do... 270 

Hurninv; iH>int ilo... 2s0 

Li>S}* ft»r tweuty-f<»ur hours at 212^ V j^er cent. . 14. 90 

TUK UAVKS IIYDKOCARHDN lU'RNEK. 

The construction of this burner i> sliown in tig. lo and the manner 
of its installation in tig. 11. Part of the air supply is introdueed at 
tlu» sides of the furnace near the Imck wall. It then pa.sses tlirough 
heating pipes .1.1 to the pijH* />\ the latter extending across the fur- 
nace ju>t inside the front wall. 

The i>urners project diametrically thixuigh the pii>e />, and it is 
iH>utendcd that the hot air in this \n\H^ will cause the oil to }>e com- 
ph*tely gasiticil hcfi»n» it csca^vs fri>m the hurner i»ritii'es. There is 
no doul>t l>ul that the heatinij o\' the air i> a dinvt InMietit. Cai*eful 
and e\lende\l experiments will have ti> U* made to slu>w whether this 
heatinir could Ivst he etfecleil as in the Hi>wden svstem <»f forctni 
dnift, or h\ a simple arnmgen\enl oi \^\\H^^ which riveive the dinvt 
heat of the furnace. 'I*he eX|HM*ience of simply healing the pijn^ dur 
inc these te>i>\>ouKI niiher tend to ^liow that this arnuiir^Muent would 
not ha\e nmch endunu\ie. The ciij^jes of the holes in the J^ijv /> weiv 
fiumd somewhat hurned upoi\ tH>mpletion of the i^lhcial test. If •.uch 
imimirment iH»i;ld mvur after the pijH* had Uvn in actual -^ervic^^ aUnit 
twenty lumi*^, it i^ pudmhle that very little enduraniv can N* ex|xvteii 
of such an installation muler foi\*ed dnift conditions. 

IVo pn^Uminary tcMs \\e»v made. S»n\e ivpivs<M\iaiive< of the 
ixmijuiny owning the Imrner weiv present during the.M^ iriaK, and sug- 
gestions wer\^ sought fixMU them, as they wen^ sup|h^mh1 tv^ have ex^vrt 
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TEST OF THE HAYES BURNER. 73 

knowledge of that particular appliance. At no time were they able to 
secure from the boiler an actual evaporation of 11 pounds of water. 
During the first experimental trial, on September 10, it was manifest 
that the bulk of the combustion was above the tubes and in the uptake 
and stack. In consequence of this loss of heat, and before the second 
unofficial trial was attempted, the draft opening above the tubes was 
reduced in the proportion of 16 to 10:J^. This caused a noticeable 
improvement. It should be stated that it required ten days for the 
company to prepare for the first preliminary trial. Their experts 
had been furnished blueprints showing in detail the chai'acter of the 
experimental plant, also the position and arrangement of the baffle 
plates in the experimental boiler. Kepresentatives of the company 
had also been permitted to witness some of the previous tests. The 
experience with this company therefor caused the liquid-fuel board 
to re(|uire every inventor to make arrangements whereby he should 
install his appliance within three days. 

Steam for the burners was supplied from an independent boiler at a 
uniform pressure of IK) pounds. During the unofficial trials the steam 
was not superheated, the inventor having previously maintained that 
he could use exhaust steam and attain the object desired. It might 
also be incidentalh^ stated that the claim was made, that one single 
burner would consume all the oil that would be required for even 
forced-dmft purposes. 

Oil was supplied to the six burners during the unofficial tests at a 
uniform pressure of 80 ponnds. Besides the air introduced through 
the heating tubes, some additional air was admitted through what were 
fonnerly the a^h-pit openings. The aggregate area of these ash-pit 
openings was about 60 square inches. 

During the official trial (test No. 9), which continued for six hours, 
the steam for the burners was superheated. There was fitted, in the 
opening above the tubes and below the steam dnim of the main boiler, 
44 feet of l^-inch pipe. This pipe was in the form of three return 
bends. Steam from the cylindrical tank boilers was led through this 
pipe and thence to the burners. 

The leading experts of the company did not attend this official trial. 
The mechanics who installed the burners, however, operated these 
appliances under the direction of the warrant machinists. The board 
was informed that it was these mechanics who operated the burners 
during an official test that had been made at an electric-light station 
in the city, where it was claimed that there had been evaporated 18 
pounds of water per pound of combustible. It is needless to sa}" that 
no such results were secured under the experimental boiler. 
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PROORESSIVK TESTS WITH STEAM ATOMIZINi; BURNERS. 

Those tests wore made September 19, 20, and 22. One of the spe- 
cial pui*posos of conducting these trials was to ascertain the exact 
amount of steam that would be required for atomizing the oil. Every 
jwssiblo chock was used to secure trustworth}' data. All during the 
trials there wore searches for leaks, but none were discovered. 

To ascertain just how much steam was required for atomizing^ a 
separate boiler was installed for generating steam for this purpose. 
This is a cylindrical return-tube boiler with two plain cylindrical fur- 
naces; anil is piped to furnish steam for the oil burners, and has no 
other steam pipe loading from it. The opening from the safety valve 
was }>lankod. This boiler is fitted with two oil burners of Oil Citv 
Boiler Works design in each furnace, these burners using air for 
atomizing pur^wses. After steam was raised one burner in one furnace 
was found sutficiont to keep the steam pressure uniform. 

This auxiliary lK)ilor was put in thorough order at the navy-yard, 
Now York, and carefully made tight at 100 pounds pressure. During 
the oil-burning test groat care was taken to keep both the water level 
and the steam pressures in this Iwiler uniform. The water used was 
carefully weighed in a separate weighing apparatus, in exactly the 
same manner as the water supplied to the experimental l)oiler. 

The pivssuro for atomizing purposes on the burners of the experi- 
mental lH>iler, as well as the pressure at which the oil was forced to 
the burneiN, was increased each day. It was found that the higher 
the pressuro the greater the amount of water that was ovajxirated in 
this main lH>iler. The etficiency was alst> slightly greater as higher 
pre>suivs were used. The jXMventage of steam reijuin^d for atomizing 
the oil, however, also slightly incroasinl as higher })ressures were used. 

Ouring these tests detlectt>i*s were plactnl in the ash-|)jin openings, 
so as to cause the air to U* dniwn up near the burneiN, thus effei'ting 
combust ii>n neaivr the front i>f tlu* furnace. 

The avenige |HM"centage of steam ivtjuiivd for atomizing purjx>ses, 
as iletermined from the genenil rangi* o( these tests, was alH>ut 4^ yyer 
ivnt oi the entire evaiH>mtion of the main or exjx^rimental Innler. 

In tluwc I hive tests the si\lt» burneiN weiv diivcte<l toward the center 
t>f the furnace more than hereti>fort^ in onler to nnluce the amount of 
heat absorUnl l>y the side walls. The amount so absorUnl wa>» judged 
of by tlu* tH»ndition of gK>w imnuHliately after extinguishing the burn- 
ets. This ij-low of the side walls, and also of the back and bridi»v 
walls, inMiendlv showed a motv intense iH>mbustiou on the riifht side 
of the furnatv than on the left. The fact that the >»tt^m and oil t\>n- 
mvtions to tlie burnei*s wciv also at the right side of the funmiv frv>nt 
sugg\*sts the desirabilitv of pi\>jH>rlioning the piping, U»th a> to size 
and UK*ation, si> as to g\^t suKstantially iniual pn\ssuiv at all burners 
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Ifcforo making further tests the front wjill of the furnaee was 
rebuilt with ferruled openings 8 inches in diameter for the burners. 
Ample hititude was thus allowed for the angular setting of the Inirn- 
ers, and there was also opportunity for trying the effect of admitting 
air around the burnei's. 

An accident to the engine of the fan blower prevented the continu- 
ance of these trials with different pressures of forced draft. It should 
be ascertained just how nuich steam is required for atomizing pur- 
poses when the l)oiler is forced to its utmost. 

The board deems it important, when opportunity will |)ermit, to 
make an extended series of tests with steam as the atomizing agent. 
Fresh water can be secured in unlimited (juatities at nearly all naval 
stations, and it might not be a difficult matter to make arrang«»ments 
whereby the torpedo l)oats and destroyers, when fitted with fuel oil- 
Inirning installations, could be furnished with an ample supply in 
specially constructed tanks, thus obviating the risk of being compelleo 
to feed salt wat(»r into the boilers. 

Kven if compressed air should be used on the torpedo ))oats as the 
atomizing agent, an accident might happen to the compressor i)lant 
which would compel the tvm{)orary use of steam. There is therefore 
an urgent necessity to secure reliable data upon the subjcnt of how 
much st(»am is re^juired for spmying i)urposes under various condi- 
tions of natuml and forced draft. 

TIIK K. M. KKKI) COMBrSEI) AIK AM) STEAM BCRNKK. 

One preliminary and two <»fHcial tests wc^re made with thi> burner, 
whose construction is shown in tig. 18. The '*from and at'* evaj^ora- 
tion during the first official experiment fell short of the best yet 
attained in these trials (test No. H) by only a})out one-half of 1 p<»r 
cent. On the other hand, the amount of steam consumed in spmying 
the oil was excessive, being a))out 1 pound of steam per pound of oil, 
or sevenil times as nmch as in test No. 8. Apart from any <|uestion of 
furnace efficiencv. the })oar(l considers that the combined use of both 
air and steam in the burners is undesimble. Such an installation 
more involvc^s unnecessjiry exj)ense and complication and recjuin's nuich 
skill and attention in the adjustment an<l maTiipuiation of the burners. 

The board gave ])articular attention to watching the operation of 
this l)urner, since it is dc^sirious of securing (h»tinil(» information ujK)n 
the subj(»ct as to whether or not it was advantageous to us<' a combina- 
tion of both air and steam as the atomizing agent. Thr inventor jmm*- 
sonally op<»rated the burner, and everv effort was madr to n»du<r the 
amount of air and steam ust^d for sj)niying purposes. 

The board has no hesitation in stating that combination luirnrrs 
requiring lK)thair and steam together in atomizing will i)rovr unsitis- 
factory, and that such designs will not only be shown to be the !no>t 
inefficient, but in all prolmbility the most ex|K*nsive to in^^tall. 
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THE " HARVEY " SYSTEM. 



The general charac^ter of the apparatus used with this sj'stem is 
shown in Fig. 14. It was attempted with this process to partially 
separate the volatile and solid constituents of the oil product, and then 
burn })oth the volatile* and heavy portions of crude oil simultaneously 
by forcing the heated gas and residium to the burners at equal pressures. 

The system is typical of hundreds of patents taken out attempting 
to gasify a portion or all of the liiiuid fuel. It is believed by many 
inventors that where means are taken to partially gasify the more 
volatile and explosive hydrocarbons that such action will obviate the 
necessity of refining <'rude oil for use as a combustible. 

The purpose of the Harvey patent was to |>ass heated air through 
crude oil and thus bike up a definite portion of the explosive gases of 
the product. Tht* patentee believed that it was onlv necessar}'^ to 
admit the hot air at the top of the appamtus and pass it through tubes 
to the bottom to caus(» the escaping air to be turned into a rich com- 
bustil)le by taking up a portion of the gases of the fuel. The theory 
of lM*Jieving that hot air would be changed into a combustible by 
simply forcing it through a crude oil product is in a measure justified, 
but its ])ractical jH)ssibilitie> are more than nullified by the inevitable 
deposition of the hydrocarbons in the heating or converting devices. 

It wjis further lK»lieved that some special value attached to pumping 
the oil and heated air to the burners at equal pressures. A study of 
the extended series of tests will show the error of this assumption. 

In the Harvey system no particular value is attached to the design 
and characUM* of the burner. The theorv maintained is that bv the 
installation of the carburetor and the regulation of pressures, com- 
bined with the use of heated air and oil, that it will be possible to 
maintain a capacity of evaponition that could not otherwise be 
ol>tained. It was likewise assumed that where the explosive hydro- 
carl)ons an» sej)arated from the other constituent parts of the crude oil 
that both safetv and efKciencv in the use of oil would l)e increased. 
The inventor believed that he could secure a resultant combustion 
which was so complete and controllable that any desired degree and 
capacity of heat could be obtained for welding, forging, or annealing 
of metals. Particularlv was it claimiHl that there would 1k» a freeilom 
fnmi smoke which would rendt^r the system sjM^cially adaptable for 
naval purjH)M»s, as well as for many imjK)rtant industries. 

There were two tests made with this svstem Nos. 8:^ and H4. In 
the Inirner usini (tig. 14a) the oil and atomizing agent were admitted 
in the same direction, and as a result there was very little spmying 
effect. (lOixl efKciencv results were obtained, probably in great pjirt 
duo to the fact that the consumption of oil was not forcixl. By nnison 
of the size of the carbuivtor it was not jH»sibh» to ojMM-ate the instal- 
lation under other than natund-dintft conditions, and therefoiv no 
capacity tests were attempted. 
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The nipple " B," as shown in Fii^. l-ta, was iLsed on Ijoth official trials. 

Probably the best wav of showini^ the results secured with the 
Harvey 83'steiu during two tests under natunil-draft conditions is to 
compare the results obtained witli that secured durinjr the two natural- 
draft teats made with the Best burner without such installation. 

KvH|M>rative Evapomtioii 
•r..^. « :»„*„ii».i. .. ...itK .. u ^»-- I ..»w , 1 flicipiM'V DCF Miiuart' Total fvaiMH l)eKrtf of 

combiLHtiliU'. Hirfacf. 

Harvev 

Be»^ 



"" 


" ' 






14. (M) 


L^Jl.7 


1;^, \2i) 


0. 50 


iH.rii 


.S14.S 


lo. 7S7 


.52 



A cursory study of these results will show that with the Ilaryey 
proi^ess there was slightly increased e\aporatiye efficiency oyer the 
l^«t burners, but with a decreased consumption of oil. It need only 
be stated that with eyery etficieiit type of oil ))urner prol>ably some 
improvement as regards eyapomtive efficiency per |>ound of combas- 
tiKle can be secured in a water tube boiler l)y decreasing the evapora- 
tion per square foot of heating surface. 



THE "BKANTH" BrKNKK KCil'IPMKXT. 



The guiding principle of the Branch system of oil burning is l>ased 
upon the l>elief that there should be suj)erheating of the oil fuel as 
well as of the steam or air used as the atomizing agent. Th<» oil 
heater consists of two concentric cast-iron cylinders ]>etween which 
there enters the exhaust steam from the various pumps of the installa- 
tion. The inner cylinder thus forms a receptacle for the oil before 
l>eing pumped to the burners. The general character of the burner 
18 shown in Fig. 15. Pro))ably the distinguishing characteristics of 
the burner are simplicity of construction and facility for adjustment. 

The comimnv installing this system consider that the burner is a 
very small determining factor in the use of oil as a fuel. The greatest 
consideration is given by these experts to the ([uestion of the genei'al 
installation of auxiliaries and piping eonneeted with the ecpiipment. 
Within the installation are included a regulating valve, relief valve, 
standard thermometers, pumps, and air compressor. Th<» usual erro- 
neous claim, was made that increased heat would be secured through 
the action of the spraying medium being turned into a combustible 
when the oil fuel was properly burned with steam or air. 

In arranging the installation there was a redu<tion nm<ii» in the 
volume of the furnace and combustion chambers by tilling the lower 
part of the furnace with earth to a level of alnnit r> in<lie>. In the 
front of the furnace there was an air uptake as shown in tin' accom- 
panying sketch. This arrangement was etTected at the request of a 
representative of the comimny. 
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The reduction in the volume of the furnace and combustion chamber 
undoubtedly decreased the evaporative efficiency as well as the output 
of evaporation. The board, however, believed that experiments should 
be conducted in various directions su^^ested by inventors so that the 
disailvantajifes, as well as the advantages, of the several arrangements 
could l>e more strikingly shown. 

There were six tests made of this equipment with the following 
evaporative results: 



ToMt 
iiumher. 


Evaporative 

t'fficlfncy iHT 

IKHind of <M)in- 

buxtible. 


hvaporation 

iK^r Mpiare f<M)t 

of tMiuivalent 

grate nurfafe 

of furnace for 

<'oal burning. 


L>.S 




13.11 




330. S 


24 




11.50 




458. 5 


25 




11.57 




451. 8 


26 




11.20 




404.5 
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11.40 




476. 5 


2S 




11.77 




452. 



.\Ir I 
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16,584 





22, 982 




22,6.55 




20,281 




23, 893 




22, 661 


^ 



The alK)ve data will show that fairly good efficiency results were 
secured when the boiler was not forced. In the tirst test the toiler 
was run under natuml draft, while in all the other tests there was a 
2-inch pressure of air in the tire room. 

Only four burners instead of six were used during test No. 26. 
Tlu» tMirth had also been removed from the furnace. The 5 inches in 
depth of earth which had been placed in the furnace during the 
pn»vious tests had melted, caked, and decrea.sed to a depth of 3 inches. 
This earth was red hot eighteen hours after the burners were 
extinguished. In this test. No. 2tJ, deflectors were placed in the ash- 
pit ojHMiings to direct the entering air upwards. 

The feed water used during nearly all the expt^riments was very 
muddy, and the ex{H»rimental lH)iler was blown down each day to get 
rid of some of the accumulated deposit. It will be noticed that the 
caiwcity of evapoi-ation, as well as the efficiency of the boiler, 
increased after the n^noval of all the earth froni the furnace. 



"ADVAXCK" DESUiN OF OIL Bl'KNEK. 



The general design and armngement of this burner is shown in 
tig. h». In the early experiments with this appliance it was found 
that the oil wjus not sprayeil sufficiently to pnxiuce a jet whereby 
the i\>mbustion would Ik* self-supporting. Fires i^ould only Ik? started 
by kiH*ping a pitve of oil-soakini waste in front of each burner for 
at leasnt half an hi>ur, during which (x^riixi the i>il burned on the floor 
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of th<* fiirna<*e lumr the tmck wall. Until the brick lining of the fur- 
niure could Im» Mufliciontly heated to ignite the oil by radiation, the con- 
Hiiiiiption of li(juid fuel was exceedingly limited. 

Th(»re was no apjmn^nt effect due to the rifling of the burner orifice. 
'rh(» j(it produced, however, was of great velocity although of small 
diamet4*r. 

The burners recjuired constant attention. An improvement was 
effected, however, in this respect when the pressure of steam was 
r«»du<red and the pressure of oil increased. 

When burning CJalifornia oil it was found necessary to enlarge the 
hol(»s in the oil nipples from one thirty -second of an inch to one- 
sixteenth of an inch. F^xtended preliminary tests showed that the 
btvst results were secured with this burner, when California oil was 
used, by openiting the spraying medium under about 40 pounds 
pr<»ssun». The <»fficiency and the capacity eva^ration per pounds of 
water p(»r hour from and at 212 per hour were respectively as follows: 
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This is a sK»t burner, whose geneml design is shown in Fig. 17. 
It is umhI extiMisivelv oi\ the Womotives of the Santa F^ Rail- 
way system having Ihhmi adopt tnl frt>m a design of a burner long in 
Use on the niilways of Peru. The Sante Fe Railway Company, 
tlmuigh its ^ujH^rintendent of motive {H>wer, Mr. (leorge R. Hender- 
son, sent a ivpn^sentative, Mr. C\ B. (iiKHle, to install the appliam^e on 
the exivrimenial lH>iler. The Liquid Fuel IV^ni nwived much valu- 
able information (t\m\ Mr. (nHnicand takes this opjK>rt unity of In^aring 
testimony to the uiany practical suggi^stions offenni by this expert. 
Ilaxing had extendtnl exjvriemv in the burning of In^th Texas and 
1 Hiifornia oils, and having pnu*lii*nlly testinl many forms of an*hes in 
KHVUK>tive Unlers, Mr. (unxle was able to >how the tlevelopment that 
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had taken place in looouiotive work and to point out the similarity in 
sonic respects of such pi'aetice to conditions approximating to the 
needs of torpedo boats as regards using crude oil as a fuel in their 
lK>ilers. 

In IcK'oniotive work with the Santa Fe burner the greatest efficiency 
has been secured with some form of arch brick wall. It was attempted 
to install an arch in the experimental boiler, but the size and character 
of the furnace, and the difficulty of securing suitable lire brick, seri- 
ously interfered with the efficient operation of the boiler. An arch 
of lire bricks was put up and was used on quit** a number of unofficial 
tests. It })rokt» down after an liour's use, however, on one of the 
official tests, bv reason of the fact that the slabs were too flat to form 
an arch that would stand sev(»re heat conditions, 

A checker-work ])rick flash wall with a i*-inch overhang was then 
litted in the furnace. The air re(juisite for combustion was admitted 
just in front of the flash wall through an opening S inches wide by 8 
feet long after j)assing under a raised floor of brick tile. This arrange- 
ment had the effect of partially heatmg the air before admitting it into 
the furnace, and was usc»d throughout the test. The design and 
arrangement is shown in the sketch appended (iig, 18). 

Although the arch was but little used, and consequently the highest 
etticiency of the burners could not be obtained, there was secured, 
however, a comparison of the ditferent-sized burners, wherein was 
shown their relative evaponitive values and steam consumption. 

The api>ended table is a resume of the data secured with this burner. 
It would seem that with this special burner the Texas oil gave better 
results than the California proiluct. The heating value of the two oils, 
however, ought to be very nearly the same, although the Texas oil is 
somewhat more volatile, with a nuich lower fire point. 

It was suggested by Mr. (ioode, that with every leading form of 
burner, the air necessarv for combustion should be admitted into a 
raised or false fl(H)r in the ash j)an. This false floor would thus l>ecome 
heated to a high tempeniture, both by actual contact with the flame 
and by nidiation from the lower row of tubes and baffling. The floor 
of fire-brick tile would in turn tnmsmit a good portion of its heat to 
the air pitssing through it to the furnace. It was further proposed 
to leave a large numlnM* of small openings into this mised floor, and 
thus allow a jK)rtion of the air to come directly up through the open- 
ings in tht» hot tiles. This method, besides distributing the air more 
evenly throughout the furnace, would prolmbly heat the small jet^ of 
air to a higher temiH»rature than could l>e obtained in any other way. 
There would also undoubtedlv nvsult considerable decrease in the noise 
exjH*rienced with the onlinary arrangement. The observeil data will 
show that the largi> 5-inch burner pive a Inciter evai)oration than the 
smaller !i-inch burner. Relatively mort* steam for atomizing purposes 
was uscmI with the larger burner. 
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SANTA FE BURNEB. 
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Fio. IS.— Inswllatlon of Santu Fv> fuel oil burner. 
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As a result of the observiitions of the expert of the Santa Fe Kail- 
road Company at the experimental plant, the Board has l)een informed 
that the motive power department of that company expects to install 
an iniprovt»d fonn of l^ooth Inirner, wherc^in no areh will be used in 
the furnace of the l)oilers, the use of an arch having been found very 
destructive to crown boltheads in locomotive fire boxes. 

(ieneral ^umumnj t,f data of the texU of the Jiooth-Sttntn Fe oil burner. 
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EVAPORATIVE EFFICIENCY AND CAPACITY OF BOOTH BURNER. 89 

The following table shows the evaporative efficiency per pound of 
combustible, the evaporative capacity per square foot of grate surface, 
and the total evaporation secured per hour during the nine official 
tests conducted with the Booth burner. The results are calculated 
from and at 212° F. 



Number of 
test. 


Evaporative 
efficiency. 


Evaporative 

capacity per 

square foot of 

Krate surface. 


Total evapo- 
ration. 


46 


13. 39 


192.2 


8,301 


47 


12.82 


335. 3 


16,813 


48 


12.88 


195. 7 


9,811 


49 


12.10 


314.6 


15, 771 


50 


11.19 


447.7 


22, 448 


51 


10.29 


297.5 


14,917 


52 


10.14 


278. 8 


13, 979 


53 


9.52 


251.0 


12,585 


54 


9.62 


303. 5 


15,2 1 



The following curve (fig. 19), as determined from several official 
tests with the experimental l>oiler, shows the air requisite for combus 
tion under forced draft conditions: 
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M DONALD AND W. N. BEST BURNERS. 



Only one test with this burner was made (fig. 20), the duratiun of 
the test being four hours. Considerable delay ensued in starting the 
test, due to the dogging of the burners, thus necessitating the with- 
drawal of parts of the appliances for cleaning. The avei-age tempera- 
ture at the Itase of the stark waw only 5T1°. 

By reason of the fact tiiat the burners were of small size, an evap- 
oration of only 9,809 pounds of water per hour wa.s seeured. Had 
there been more burners, or had the burners been of larger capacity, 
better results might have been secured. 

The height of the furnace was hardly sufficient for this style of 
burner, since the flame impinged directly on the lower row of tubes. 
The forward end of the burners clogged considerably, and the general 
unsatisfactory results secured could Iw attributable to the fact that 
thei-e were cither too few burners, or that they were too small for the 
work devolving upon them. 



Eight official tests of this burner were made, its installation having 
been effected by Mr. Ilobert W. Gibson, of Palestine, Tex., an expert 
representing the W. N. Best International Calorific Company, of Los 
Angelea, Cal. During these tests both steam and air were iised as 
atomizing agents. 

This expert had extended experience in the installation and opera- 
tion of oil-fuel appliances as fitted to locomotives and land Imilers, and 
seemed thoroughly acquainted with developed methods of burning 
various qualities of oil. During the month that Mr. Gibson was asso- 
ciated with the board lie rendered valuable assistance, particularly in 
the direction of showing wherein locomotive practice as to burning 
oil fuel might be utilized in effecting a successful installation on tor- 
pedo boat*!. 

The board likewise takes this opportunity of giving recognition to 
the information furnished by Mr. W. N. liest, of Los Angeles, Cal., 
the inventor of this appliance and an expert whose knowledge of and 
expenence in burning liquid fuel is probably equaled by few persons 
in this country. 

The '*Best" burner is a combination of many designs and patents, 
and like each of the few leading forms is the outcome and develop- 
ment of extended 6bser\'!ition and experience. The distinguishing 
chai-acteristics are as follows: 

Adm/'gsion of air fur cwnJiwiiWi.— The air should Iw admitted imme- 
diately under the burners, about 1 square inch of opening with ordi- 
nary draft being requisite for each 16 pounds water to be evaporated 
per hour. Wherever it is pos.silile to do so. there should l)e heating 
of the air supplit-d for combustion. 
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INSTALLATION OF W, N. BEST BURNER. 93 

The line of Haze.— The burner should be so installed that the line of 
blaze should strike the base of the bridge wall, provision being made 
whereby, if necessary to complete combustion, additional air could be 
supplied near the bridge wall. Special care should be taken that the 
top of the wall should never be immediately beloV an}' horizontal seam 
of the boiler. 

Heatrmj of the o!L — Oil from 15 to 18 gi^avity (Baum^) should be 
heated to 120^ F. Oil of from 20 to 30 gravity should be heated to 
100^ F. Oil above 30 gravity need not ))e heated, since the burner 
itself is presumed to heat all heavy oils sufficient!}'. 

Continuation of the hurner. — The burner is of the slot design, the 
atomizing slot being above the oil-supply passage. This arrangement 
is supposed to prevent the accumulation of carbon in the oil slot. By 
thus siphoning in a uniform manner the oil from its supply channel, 
and arranging for a high velocity of the atomizing agent, the separa- 
tion of the particles of the liquid fuel can be satisfactorih' effected, and 
thus complete combustion secured. Means are also provided whereby 
the atomizing channel can be easily cleaned of any scale or other for- 
eign substance without removing the burner from its fixed position. 

Onl}' four burners were used, two being installed in the center and 
one at each end of the furnace. It was a matter of regret to the board 
that six burnei's were not installed; for, if this had been done, in all 
probability there would have been secured with this design of burner 
possibly the greatest total evaporation from any design of installation. 
With only one other form of burner during the extended series of 
tests was the evaporation secured from the Best burner exceeded, and 
in that case six burners of the other type were used. The f orced-dmft 
conditions as applied to naval l)oilers (where it is expected that double 
the total evaporation may be secured over that obtained from natural 
draft) can hardly be appreciated })v those unaccustomed to the manage- 
ment of marine boilers. It was this lack of knowledge of excessive 
naval demands, as regards boiler output under excessive forced-draft 
conditions, that probably led to the belief that four burners would 
meet all possible Departmental requirements. 

In this instance, as well as in every installation projected, the board 
urged the fitting of sufficient burners and gave assurance to each 
exhibitor that the privilege would be given of opemting as many 
burners as was desired. There seemed to be a general inclination, 
however, to instiill Init a few })urners, for the belief is too prevalent 
that the average oil-fuel burner is capable of developing even as high 
as 500 or 000 horsepower. It w^as to dispel this belief that the 
board permitted an insufficient number of Imrners to be installed, 
for it seemed impossible to convince many otherwise apparently well- 
informed experts that the capacity of every pmcti(»able oil-fuel burner 
was, limited. 
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OIL CITY BOILER WORKS BURNER. 
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The following summary of the tests made with this installation 
shows that the system is probably one of the best that could be fitted 
to a boiler for either natural or forced draft conditions. The board 
desires to emphasize the fact, however, that the general installation a.s 
much as the special fonn of the burner was responsible for the satis- 
factory results secured. 



1 

1 

1 Test No. 


Draft pressure 
in fire rooms. 

InchrH. 


Evaporative 
efficiency. 


Evaporation 
of water per 

iiour per 
square foot of 

equivalent 
KTate surface. 


1 

Total evapo- 
ration of water 
per hour. 




Poundn. 


Poundis. 


29 


2 


11.60 


471.9 


23, 662 


1 30 


1 


12.33 


416. 3 


20, 875 


i 31 


3 


11.85 


587. 3 


29, 452 


34 





13.46 


304.2 


15, 252 


' 35 


1 


12,37 


422. 8 


21,199 


I 36 


2 


11.92 


467. 3 


23, 428 


37 


3 


11.23 


518.9 


26,018 


38 





13. 57 


325. 5 


16,322 



OIL riTY BOILKR WORKS BrKNER. 



Some form of this burner was used on thirty-three official tests, 
during seven of which a patent nozzle w^as fitted to the device. The 
appliance was used on so large a number of experiments in order that 
comparison might be made as to the relative efficiency and capacity 
evaporation of both the Texas and California products under various 
conditions of natural and forced draft. 

The Oil City Boiler Works latest improved burner is a development 
of possibly one or two hundred types that have been used in the oil 
regions of Penn.sylvania and Ohio during the past thirty-five years. 
While the present device is not a patented article, it is the outcome 
of extended experiment and experience, and the results secured from 
its use, whether regarded from the standpoint of efficiency or of 
capacit}', will compare favorably with any type that was used during 
the trials. 
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The following suinnmrv of comparative testa made with Texas and 
California oil, when using the Oil City Boiler Works burner, will 
prove of interest: 



Character of oil. 



Number 



Evaporation 
per Hquare 



of ixixVi- '•^''P''^**"'*^ Evaporative fXin^L^aiiix 



nieiits 



alent f^rate ' 
Hurface. ' 



Total cvap 
ration. 



Texas 

California 

Texa.*< 

California 

Texas 

California 

Texas 

California 



11 

4 

3 
2 

4 
3 



•> 
.1 







1. 11 

1 

2.09 
2 

3. 72 



•> 
• > 



13.80 


271.1 


12. 73 


242 


12. 17 


427 


11.95 


[{m. 4 


11. a5 


532 


11.47 


4:i3 


11.30 


6«7 


11.20 

1 


554. 9 



13,288 
12,145 
21,548 
18,220 
25, 283 
21,7«0 
a3, 262 
27,822 



Note. — In •iome of the oil-fuel expi'rinient.s there were exten.xions in widths to the bridjfe wall 
whereby the volume of the furnace ami the equivalent grate surface were somewhat reduced, the 
b<iard believing that the several inventors should have pretty free wope in this respttM. The e<juiv- 
alent grate surface actually represents the horizontal surface that could have In'en utilize<l to bum 
coal had grate \hit^ Imh'Ii in place and co»il wm^X as fuel. The figures given are approximately corriM't. 

These results would seem to show that whefi using this particular 
design of burner, both from the standp)int of economical efficiency 
and of capacity, the Texas oil has some superiority over that of the 
(California product. The Texas oil, however, which was used at the 
expiM'imental plant had undero-one a greater decree of distillation, and 
as the Oil City burner had })een particularly designed for burning the 
lighter product of the JVnnsylvania and Ohio yield, it was to })e 
expected that the d(»vice would operate better with a distillate fix)m 
the Texas wells than with a crude ])roduct from California. The com- 
parison shows that while with a good form of burner satisfactory 
results, as regards ethciency. can always })e obbiined with any kind of 
oil as a fuel, it is essential to modifv the details of construction of 
burners using a heavy or light crude oil. 

A more fair comparison, however, as to the economical etliciency and 
the capacity of evaporation of the oil products of California and Texas 
may Ih^ made })y comparing the results obtained with the Oil City 
burner when usifig Texas oil with the Rest burner when using the 
California ])roduct. 

]n comparing the performance of what the })oard regards as two 
excellent forms of burners, and })oth well adapted for marine and 
manufacturing purposes, it should be particularly observed that there 
was only an installation of four burners of the Best design as com- 
pared with six burners of the Oil City typi*. 
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The board had urged the iiiaiiufactm'erH of every design to install a 
ijiilGcient number of burners to meet every probable test requirement. 
It was by reason of the fact that xery few experts believed it possible 
to secure from a boiler having only oD square feet of grate surface 
and 2,175 square feet of heating surface an evaporation exceeding 
25,0fl<) pounds of water per hour from and at 212° that they could 
not be convinced as to the necessity of providing sufficient hnrnerij 
capable of securing such an output of evaporation. The belief in also 
too prevalent that the average commercial burner has a greater rate 
of efficiencj' and capacit\ than the naval tests proved them to p 




Unfortunately, therefore, for all interested in the experiments, only 
four Best burners were brouglit to Washington, and therefore the 
board was unable to have an increased installation etrecte<l when it was 
suggested to increase the nuniln-r to six. 



The following comparison shows that imdcr 1-inch forced draft con- 
ditions practically the same efficiency and capacity results were secured 
with the two burners when using differing oils. Under natural draft 
conditions the advantage was with the Best burner and with California 
oil. Under ;i-inch draft conditions the advantage was with the Jiistern 
burner and Texas oil. The general results of these three different 
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characters of tests show that the burners are undoubtedly about equal 
in efficiency and that there was but little difference in the value of the 
oil from the two localities as measured from the standpoint of weight. 



Tyi)c of burner. 



Nnm- Air pren- 
Ikt of I Mire in 
tests. firenK>mM. 



Kvapomtlon 

r.\ aporHii> c f,^.* ^f ,.niii v- 
funiciK>. I ttient grate 
siirfaee. 



Burners' 
In ope- 1 
ration. ' 



Oil City 11 

Bt'st 2 

OilCity 8 

Tk^t 2 

OilCitv 4 

Best 2 

OilCity 2 

BcHt 2 






1.11 
1 

'} ! 

I 

•i 7'> i 

I 



13. H() 
18.52 
12. 17 
12.35 
11.05 
11.70 
11.30 
11.54 



271. 1 

315 

427 

419 

532 

469. () 

667 

553 



i\ 1 
4 
(> 
4 I 



() 
4 
6 
4 



Total 
evapora- 
tion. 



13,288 
15, 787 
21,548 
21,037 
25, 28,3 
23, 545 
33, 262 
27, 765 



Oil. 



Texa.M. 

California. 

Texa**. 

California. 

Texas. 

California. 

Texa«. 

California. 



In regard to the maximum dmft tests, the board considers that the 
decided api)arent advantage as regards the capacity evaporation in 
favor of the Texas product cjin be accounted for by the fact that a 
higher fireroom pressure was used when the Oil City burner was in 
use, and that 5() per cent more burners of this design were in operation. 
If measured by the standard of number of burners in use, the advan- 
tage is with the California oil. 

In general it may be stated that it is exceedingly probable that for 
maximum forced draft purposes the greatest evaporation can be 
secured from the lighter oils, due to the fact that the oil supply can 
be more unifonnly regulated. 
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i.'7:> 






'•""» 
.(•> 









.1-- 






.IT 









• I-' 



tl 



|.» 



il 






.»" 



.\ 



'.'.■•» 



II'J 
ll-J 

IK) 

1 •>•> 

I I'D 
W'l 
IIS 

l*J() 

IIS 

v:\ 
i:N5 

i;s 






/•. 

•I()L» 
4()'J 
402 
40-J 

4()*J 
4()*J 
40J 
4l)J 
40L» 
40J 
40'J 
40'J 
40-J 
40? 
4t»: 
40L* 

♦0-J 
*« »- 
♦O'J 



4.^-J 



;''- 



:m)'J 

:502 

:(o:; 
:;o4 

:m):; 
:to4 
:uu 
:u)4 
:u)i 
:ioi 
:iJ4 



:{o.i 





















.iM 



0. 1>S2 

. \)K\ 
. 1>S4 
• OSL* 

. os:{ 
. i»>4 

. 0S4 
. '.♦S4 
. i»S4 
.?>S4 
. ^♦S4 

. »>s:i 

.1»S4 
.MS4 
.^»S4 



. tts:? 



. ^'S4 

. MS.", 
>'^4 








s 

U) 
"> 

:'> 
?•'> 

-■> 

. .-{0 
. :u» 
. :u) 
. ::o 
. :?o 
.:jo 
.:*»<> 
.:^> 
. ::i» 

1 u* 



0. HO 

.SO 

.so 

.HO 

. sr> 

.SO 

.so 

.S4) 

.so 
.so 
.so 
.so 

.so 
. 7-"» 
.so 
. 7'> 
. 7"» 



. • 



'7\ 






0. ()0 
(>0 

a") 



(;5 



(O 



V \ . T :»c 



'*VU '. J' 



0. 2o 



*-r: 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



25 



0. 45 
.45 
.50 
.45 
.45 
.45 
.50 
.50 
.50 
.50 

- .50 
.50 
.50 
.45 
.50 
. V) 
.5«» 
.511 
.50 
.50 
. 5«i 
.5«> 

. v» 



1J»: 

:i20 
:j. 1 1 
.s. 14 
.{. 23 
:{. 17 
:{. 1 7 

8. 23 

X 2:^ 

3. 23 
3. 17 
3. 1 1 
3. 23 
3. 23 
•». 1 i 
3.23 
3.23 
3. 23 
3.23 
3. 2:j 
3.23 
3. 23 
3. 2:i 
:;. 2:^ 
::. 17 
::. 17 



4NX 3. iV 






. .. -s ■ ' ^ •» ■ 






. «« .■ 



X"* 






\ '^ \ 






» ^ 



. ^ ..• .t ... 
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OIL TESTS. 
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No. 1. — Test of oil fuel in a Hoheristein Water-tube marine boiler June 11, 1902. 
[Six hours' duration with forced draft, iLsing air burners, Oil City Boiler Works bUYner.j 



Time. 



11 a. m ... 
11.15 a. m. 
11.30 a. m. 
11.45 a. m. 

12 m 

12.15 p. m. 
12.30 p. in. 
12.45 p.m. 

1 p. m 

1.15 p. in.. 
1.30 p. m.. 
1.45 p. ni.. 

2 p. m 

2.15 p. m.. 
2.30 p.m.. 
2.45 p. m.. 

3 p. m 

3.15 p. m.. 
3.30 p.m.. 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p. m.. 
4.45 }). m.. 

5 p. m 

Average 



be 

tc 

c 

*^ 

as 






Ins. 

2. 125 

1.75 

2.5 

3.5 

2.75 

1.75 

2 

3 

2.13 

2.75 

2.75 

3 

2.25 

2.25 

2.5 

2 

2.75 

2. 13 

2.13 

2. 13 

2.13 

2. 13 

2. 13 

2. 13 

2. 1 25 



Tenipemture. 



Flue gases. 



•c 



84 



86 



86 



8(> 



86 



85 



85 



Oi 






X 






3S 

y. 



CO... 



o. 



CO. 



117 
118 
116 
118 



o/; 







%m 




3 


2 


JZ 


o 


1 Im 


JS 


K 






Ci. 


"S 


•c 


g 


ci 


2 


ter 


— 


c« 


o 


■5 



i^ r/. I P. r<. 



/'. ct. 



Lbit. 




663 



6.8 8.2 I (?) 



Lhs. 




ra5 



'.4 1 8.3 (?) 



119 1 1,769 19,406 



119 
120 
121 



709 



7. 6 9. 2 0. 4 



7r 



8.6 1.8 



121 ; 1,819 20,023 

122 
122 
122 

122 1,776 I 19,990 



715 


7.1 


9.3 


1.4 










712 


7.1 


9 


1.3 











122 
122 
122 
122 
122 
122 
122 
122 
122 
124 
123 
121 



11 



7. 1 , 8 



9 



714 



6.8 



7. 4 2. 6 



1, 



i 1 1 



20,000 



85.4 



121 



706 


6.6 , 


8.8 


1.3 i 












(i90 


6.3 

1 


9.8 

1 


1.7 








1 , 705 


18, 823 


704 


6.8 

1 


9 

1 


1.7 










709 




9.6 

1 


.8 








1 , 738 


19,7:i4 


1 






1 




704.6 


6.97 


8.77 


1.5 


1,764 


19,663 



5 p. m.: The fl(X)r of the furnace Is badly warped from the heat. The floor consists of one layer of 
fire orick on wrought-iron rt<x>r plates on wooden sleepers with dirt rammed between the sleepers. 
The floor of furnace, back wall of same, and first two baflles are red hot. There are two disk-like 
accumulations of red-hot carbon on the back wall. The middle and larger one is about 15 inches in 
diameter. 

Next day: The disk of carbon has been removed and examined. Structurally the carbon is indis- 
tinguishable from coke. The sha|.>e is that of a crater, 6 inches thick around the edges and 2 inches 
thick in th« center. The larger crater was opposite the middle burners. A smaller one was opposite 
the left-hand burners, and there was practically none opposite the right-hand burners. Evidently a 
very slight difTerence of conditions will cau.se or prevent their formation. 

Total pounds oil burned, 10,f»84. 

Total pounds water fed, J 17,976. 
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NAVAL "LIQUID FUEL REPORT. 

-Tfgl of u',1 /,..■} in n Iloheiiiiein imieT-liilie mnritif >n,Hrr, Junf 12, 



Iftl 402 2H7 a two 2. -J 



I I I 



lOrt . 402 ;t02 ■ . H82 



I2.lSp.ui. 275 


102 


402 


.t02 


ltH2 


2. 25 


1.R0 


..35 


.SO - 


50 


4.26 


12.30 l>. in. 1 275 


102 


404 


;t02 


9H2 


2.:» 


1.50 


;i5 


.N.5 


50 


3.16 


12.45 p. III. 275 


103 


401 


:w;t : 


9H2 


2. :ti 


1.50 


.40 


.S5 - 


50 


4.50 


l,..m.... 275 


102 


; 40;f 


:tOO 


0H1 


2.:» 


1.50 


.40 


.M5 - 


50 


4.63 


l.lSp. rii.., 275 


102 


402 


2iW 


»7« 


2. ;15 


1.50 


.40 


.85 - 


.50 


4.87 


l.:»I>. 11... 275 


102 


[402 


20fi 


97H 


2.3.5 


1.50 


.40 


.M5 " 


50 


4.87 


1.43 p. Ill . . 275 


im 


1 -Wl 


;ioi 


082 


2. :« 


1.50 


35 


.80 ■- 


50 


4.87 


-'!'■'» -'-^ 


10H 


' 402 


■*M 


979 


2, ;« 


1..15 


m 


.80 - 


50 


4.87 


2.15 p. III.. 275 


102 


1 402 


:«)1 , 


082 


2. 30 


1.35 


.35 


.80 - 


50 


4.87 


2.30 p. 111.. 275 


102 


4o;t 


at' 


mi 


2.:«) 


1.55 


.3.5 


.80 - 


50 


4.87 


2.45 p. 1(1.. 275 


104 


402 


2W 


m\ 


2.30 


1.55 


.35 


.80 - 


50 


4. 87 


3p.iii 275 


10.5 


402 


300 


981 


2.;»o 


1.55 


.35 


.80 - 


50 


4.69 


3.15 p, HI.. 275 


102 


402 


;«K) 


981 


2.m 


1.60 


:i5 


,80 - 


60* 


4.87 


3.:i0p, 111.. 275 


IIM 


4ie 


L'TS 


sm 


2.30 


l.liO 


.;j5 


.80 - 


50 


4.63 


Avera)fe... 275 


iia 


.'.... 




980 


2.31 


1.55 


38 


.83 - 


50 


4.62 


tfUlKUt nvathi-r. briahi Min, ilmr sky, 

Rs;ir::i£i",=,'sri"ai.v 


"iK"- 


ffi,™ 


un-. 


;.,-"..'. 


■log air 



r<- 111 main buller. 




OIL TESTS. II 

No. %—Tett of oil fuel \H a Hohengtein waler-bibe marine boiler, Jvne IS, 1902. 
(Four houn' duniltoti will) forced dnill, ludng air biimcn. Oil City Boiler Wotki burner.] 



11.30 a. m. 


ll.-t^a. III. 


ISm 


12.15 p.m. 


12.30 p. m. 


12.46 p. m. 



1.15 p.m.. 
1.30 p. 111.. 
1.45 p.m.. 

2 p.m.... 
2.15 p. m.. 
2.30 p. in.. 
2.45 p. 01.. 

3 p.m.... 
3.15 p.m.. 
3.30 p.m.. 
Averse . . 



K8 ! 125 
' 126 



760 I «. 9 , 10. 5 ; 
770 1 6.9 ■ 11.1 



2, ia:i 23, 134 



9.2 1.2 2,295 24,2; 



resloied by lut 



The cBslriK nl the Root blower bcini; n 
Ihc oU.HprKylng ulr iireiciure full to i 



lought to rtwl it by pluy- 
Ihew condlt1<m^ ' 



>l very hot. tht speed 

s very diiise. Xormsl eondtilom wsn- quickly 

, jn (he oiiWde of Ihe liuil«r cmiliig ojipo- 

BiiB iiii; luuv vimuiuti. im; bulglnic out of Ihe cmlng Hllown Ihe hot Buses lo takes short cut froio 
the combiiHllon chamber, whluh & lined with tire brick, Id Ihe tube cluunber, which is lined with 

slop, m.: The red.hot area hjui increased to about 1 Juitwre loo 



. The nnioke durlog this le 
ler fed. 96,W 






i by Rlngelmi 







Oft MAVAL "LliiUID FOEL" BEPOBT. 

So. :{.— 7>jrf of'nlfiul in « IMiautrin -i-alrr-tuU maritu boiUr June g6, 1903. 
(Klittil liiiiin' iliinll'iu with ustunl diafi. lulngalr buroern. Oil Ciif Boiler Works batner.] 




\ 



No. 3. — Tent of oil fuel in a HohetMein vxiUr-lube marine boiler June Sfi, J 
[Elgbt hoim' iluratlon wllh natnnl drafl, ustng air buniera. Oil aty Boiler Wiirin li 



10.15 a. 
10.30 a. 
10.45 a. 
11a. m 
11.15 a. 
11.30 a. 
11.45 a. 



12.45 p. I 
1p.m... 

1.115 p. II! 

1.30 p. IT 
1.45 p. IT 
2p. m... 
2. 15 p. ni 
2.30 p. in 
2.45 p. n: 
3p.m... 
3.15 p. ir 
3.30 p. IT 

3.45 p. 11 
4p. ...... 

4.15 p. 11 
4.30 p. ir 

4.46 p. a 



2.25 1 


"ho' 


Z 




2.5 




2.5 


M2 






2.13 




2.13 




2 


N2 


■^ 1 




2. 13 ' 




2.25 1 






H2 






2.25 ! 





8.0 . 10 j 1.3 



7 ' 11.4 

r.s I 1(1.2 .]' 









773 10.373 








771 ; 10, 083 



79 I 106 I 50:t.6| 102. .5 7.24 10.2 .425 7(15 9,750 






rn qulrk-resdlne pyromelcr plnccKl on Ihc llnor <>[ Ihe fiimnvv Willi 
o Che direct milbtloiiH (mm Ihe fliimi..H registers 1.60l)° F. iiiidur the nilr 
lit INinchcslnlrnnlof [tieburneillpaiid6fncht'!ibelowlliii'rnle[ Unv 
The c'ornnponding temneratiirts (or ihe stdo biimem Bru almiit 100° 
Iho most pari lo Ihe middle of Ihe combustion chi 



I. The HQokc wiH very unil 
three IrreBuliir iJHtches of t 
rail. Thelanieetone, ont 



le platinum txOly 

wer. The flames 
Hainc» pvuetrale 

m throughout the Iwl anil so Blfithl an to be harely vfaible. 

right HldL-. I9 dome-ahapeil. and fully 4 Inchea Ihielc In Ihe 
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NAVAL ** LIQUID FUEL REPORT. 



No. 4. — TfM of oil fuel in a IIoheiiMein iiHiter-lnhe marine Innler June 27 ^ 1903, 
[Throo hour**' clumtioii, with f<>nH*<l draft, using air burners. Oil City Boiler Worku burner.] 



Time. 



10 a. Ill I 

10.15 a. Ill J 
10.:^ a. Ill . 
10.45 a. m . 

11 a. in 

11.15 a. Ill . 
11.30a. 111. 
11.45 a. Ill . 

12m 

12.15 i>. 111- 
12.30 i». 111. 
12.45 p. 111. 
1 p. Ill 

Avera^fr 






a! 



275 



Lbs. 

275 
275 



275 



275 



275 



275 



275 



275 



275 



275 
275 



275 



275 



119 



Calorimeter. 



Draft pressures in inches of water. 



3 



2 

5. 

c 


i, 

2 


2 

a 

mm 

3 


OF. 


OF. 


°i'. 


128 


402 


298 


122 


402 


2^)8 


120 


402 


300 


118 


402 


3(X) 


116 


402 


300 


118 


402 


300 


UK 


402 


300 


IIH 


402 


2^)8 


120 


402 


2^)8 


118 


402 


300 


116 


402 


300 


lis 


402 


300 


118 


402 


300 



a 

mm 



0. 980 

I 

.980 
, .981 
.981 
. 9H2 
' .981 
.981 
.980 
.981 
. 982 
.9S1 
.981 
.982 



3. 20 
3.20 
3. 20 
3. 20 
3. 20 
3. 20 
3. 20 
3. 20 
3. 20 
3. 20 
3. 30 
3. 40 
3. 50 



.981 3.25 













u 








j^ 








B 








flS 
















^tm 


b 






Cr 


x 


• 

M 




5 


i 


1 

X 


as 


-K 


w 


C 



2. 75 



2. 75 






2.75 
2.75 
2.75 
2.75 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 



X 



4W 




1.25 ' 


2. 


10 


1.25 


2. 


10 


1.25 


2 




1.25 


2. 


10 


1.25 ' 


2 




1.25 1 


2 




1.25 


2 




1.25 

1 


2 




1.25 


2 




1.25 






1.25 


») 




1.25 


2 




1.25 


2 


02 


1.25 



o.;« 

.35 



.:i5 

..35 
.35 

.:i5 

.40 
.45 
.50 
.50 
.50 
.50 



8t4ite <»f weather, bright sun. few clouds. 

Ban»meterHl ikjou. '^.94 inches. 

Kind of fuel. Beauniont oil. 

Revoluti<»ns of fan blower, 483 iht minute. 

Revolutions of K«K>t blower, 219 per minute. 

Draft c)i>enings into furnace, t^ square inches. 

ll.'Jt)a. m.: Where the smoke is densest near the stack it has a i»eculiar pale-blue tint, difTerent 
from the sinok<* from a coal fire. It is the color of the smoke as seen against the dark background of 
the smoke itself — i. e.. it is the color by ret1e<'te<i light. The i»henomenon suggi'sU* that the jwirtieles 
of soot are much liner than in the smoke from coal. (Jenerally the smoke is more like that from a 
coal tire. 
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OIL TESTS. 



Ill 



No. 4. — Test of oil fuel in a Hohenstein waler-tuhe marine boiler June ;?7, 190£, 
[Three hours' duration, with forced draft, using air burners. Oil City Boiler Works burner.] 



Time. 



10 a. m 

10. 15 a. m . 
10.30 a. m . 
10.46 a. m . 

11 a. m. 

11.15 a. m. 
11.30 a. m. 
11.45 a. m . 

12 m 

12.15 p. m. 
12.30 p. m. 
12.45 p. m. 
1 p. m 

Average . . . 



a, . 

.a 

|£ 

S g 



3.65 
3.65 
3.65 
3.41 
3.29 
3.16 
3.29 
3.29 
3.16 
3.10 
3.16 
3.41 
3. 65 



3.3: 












Ins. 
2 

1.75 
2 
2 

2.5 
2 
2 

1.75 
2 
2 
2 

1.75 
2 



o 



o V 



F. 



80 



82 



82 



81 



Temperature. 



c 



° F. 

102 
103 
106 
108 
106 
107 
108 
109 
110 
111 
111 
111 
111 



108 



M 






Q 

2 



°F. 


o/'. 




116 


760 


119 




120 


785 


121 




121 


835 


122 




122 


875 


122 




123 


917 


124 




124 


950 


126 




126 



854 ! 122 



Flue gases. 



CO,. 



P.ct. 



6.7 



6.9 
7.5 



8.1 




O. 



P.ct. 



11.5 



11 
10.3 



CO. 



p 
o 

JS 
9 



9 

O 

.a 

hi 

%. 
I 

ee 

St 



p. rt. 



Lbt. 





0.5 







.2 



2,685 



.2 



9.8 



.4 



2,846 



27,844 



29,388 



9.7 



10.1 



.2 



3,071 ,31,372 




11.43 a. m.: A pane of glass (southwest window), weakened by the direct radiations from a large 
red-hot area of the casing aliout 3 feet away, blew out. A board was placed over the oi>ening within 
fifteen seconds. About one-third of the casing opposite the combustion chamber on the southwest 
side of the boiler is red-hot. Six bricks, fallen from the second baffle, lie on the floor of the combus- 
tion chamber. The Root blower engine crank pin got smoking hot, and a stream of water had to be 
played on it during the second half of the test. Water leaked from the feed stop valve, but was 
caught in a pail and returned to the feed tank. 

1 p. m., end of test: There is very little caked carbon on the walls of the furnace. The second baffle 
is badly damaged. Average smoke during the test, 2.5 by Ringelmann charts. As the test progressed 
the amount of smoke gradually increasea from 1 to 4, due, doubtless, to the short circuiting of the 
hot ga«es through the damaged baffle. 

Total ix)unds oil burned, 8.G02. 

Total pounds water fed, 88,604. 



12 NAVAL "LIQUID FUEL KEPOKT. 

Xo. S. — T>M iifoil /iifl ill a Hohennteiii toaUr-tulie marine boiler, Auyuii £, IHOS. 
[Pfvc hnnn' diimtliiri wflh imtiinil dnitt. iikIiw ii[r )>umei>. Oil Cllf Buller Wurlu burner.] 



1 -^ 


1 


... 




... 








1 




\ i 


7 


'i 


£ 




J 






■= 




1 f 


1 


1 

a 


1 
5. 


J 


1 




1 


i 


1 


1 = 


1 


t 


t 


i 


I 

.5 




t 


= 




1 1 


1 

■'K 


1 




1 


n 

J 




1 


1 


1 


u^. 








■ T.h 




405 


30S i 


fl85 


-0. 2 '—0. 275 


— o.;(o 


—0.4 


■J7h 


"m 


4(H 


30« 


985 


- .2 1— 


.275 


- .30 


— 




■•7h 


124 


4<H 


am , 


9S5 


::Lt 


.275 


— .30 


_ 




■^7h 


I2:t 


4U 


:m 


986 


.275 


— .30 


— 




■27r, 


m 


404 


308 i 


98-5 


— . ITS .— 


.275 


— .33 


— 




■27^ 


UK 


404 


308 


985 


- . 175 '— 


.275 


— .32 


— 




27!> 


126 


404 


;i09 


986 


— .2 — 


.275 


— .33 


— 




L-T-> 


125 


404 


309 


986 


-.■2 L 


.275 


— .32 


— 




L'T.T 


122 


404 


310 


987 


-.^ - 


.275 


— .33 


_ 




L'7n 


i:i2 


404 


310 


986 


-.2 - 


.275 


— .32 


— 




275 


i:i2 


404 


310 


986 


— .2 — 


.a 


- .33 


_ 




275 


127 


404 


310 


987 


— .2 — 


.s 


— .32 


— 




27S 


i;« 


40+ 


310 


986 


— .2 '— 


.275 


— .33 


— 




275 


140 


404 


310 


986 


— .2 — 


.3 


— .32 


— 




275 


13K 


404 


310 


987 


— .2 — 


.3 


— .28 


-^ 




275 


i:)(J 


404 


310 


986 


— .2 — 


.3 


— .25 


— 




275 


14() 


404 


310 


986 


— . 225 — 


.275 


— .25 


_ 




275 


no 


404 


310 


987 


— . 225 — 


.3 


— .23 


— 




275 


124 


404 


310 


986 


— . 225 — 


.285 


- .25 


_ 




275 


i;tti 


404 


310 


986 


- .2 — 


.285 


— .23 


— 




275 


i:u 


404 


310 


987 


— . 226 — 


.-■! 


— .22 


- 




275 


1211 






986 


— . 201 — 

1 


.284 


— .29 


- 





10.15 a. 11 
10.10 a. iJ 
10.45 a. 11 

11 a.m., 

11. 15 a. II 
11.30 a. [i 
11.45 a. II 

12 m.... 

12.16 1.. I 
12.30 p. I 
12.45 !>. I 
1p.m.. 
1.15 I>. Ill 
1.30 i>. Ill 
1.4& i>. Ill 

2 p.m.. 
2.15 i>. Ill 
2.30 i>. Ill 
2.45 i<. Ill 

3 p.m.. 



state i>f wealhpr. biighl iiiinny duy. 

BanimeliT at noon. MAS Itichc:'. 

Klnil uf fiii'l, Boikiimniit oil. 

Rrrciliitli>n» n[ Knot bluvrvr. IS-'S.i per minute. 

Dmit upculUKS lulu lunuu-i;, 273 niiiuu iDubcu. 



OIL TESTS. 1] 

No. b.— Tat of oil futl in a Hokemtein water-tube marine boiler, Aaguil S, I90S. 
[PlTe hours' dmratlon with natural drafl, using sir bumen. Oil City Boiler Workn burner.] 





1"! 


1 




Tpmperslure, 




n^^ 


M 




Time. 




1 


1 


1 








1 




r 
1 


1 

■s 


i 


J 
1 


i 


COt 






i 1 1 




ij.,. 


I«. 


"F. 


"F. 


-y. 


"F. 


r.A 


i: rt, 1 C. rl. 


W., 1 IM,. 




1,46 
1.46 


2.73 
2.75 


»2 


100 
10^ 


a&i 


107 
110 








10.15 R. ni 


8.2 


9.0 1 






1.46 
1.46 


h. 


83 
85 


108 
108 


650 


112 
115 








10.4B a. ni . 


7.8 


9.6 . .3 


' 




1.46 
1.40 


2.25 
2.25 


86 
S6 


109 
110 




550 


116 
118 








11.15 a. m 


7.8 


9.9 1 .2 




11,30 &. m 


1.40 


"W 


87 


110 




116 










1,40 

1.40 


2.75 
2.75 


87 
87 


112 
113 


655 


120 


7.8 


10. 1 




12in 


fl35 11,894 


12.15 p. m 


1.40 


2.75 


87 


113 


560 


120 


7.7 


10. 1 .1 




12.30 p. m 
12.45 p. ni 


1.40 
1.40 


2.5 


88 
89 


115 
117 


563 


121 
122 








7.9 1 S».6 .2 


1p.m... 
1.15 p. m. 


140 














1.40 


2.75 


88 


116 


550 


m 


7.5 1 10,2 .1 , 


1.30 p. m. 
1.45 p. m. 
















i.« 


S.5 


8H 


112 


660 


123 


7.7 1 10.5 ■ .3 ' 


2p.m... 
2.15 p. m. 
2.30 p. m. 


1.40 
1.40 
1.40 


2.5 

2,7.5 
2.75 


87 


112 
113 

116 


560 


123 
123 
124 




896 |1 1,507 


7. a 10.4 


1 


2.46 p. m. 


1.40 


2.75 


S8 


118 


558 


124 


7.3 10.4 .1 1 


3 p.m..- 


1.40 


2.7ft 


88 


114 




126 




903 11,5.50 




Arerwe.. 


1.4. 




. 


112 


SS7 


120 


7.7 1 10.0 1 .13 ' 933.611,706 



^e been overhauled at 



emote ver 



NAVAL "liquid FUEL BEPOBT. 



Tio.e.— Tertof oil fiutU 



1 Hoheiitlein leattT'tuhe m 



le boiler, AttffvM 4 to 9, 190t. 
lir bumrn. (Ill CItr BotUr Worki 







HulmaniBi 




-ciiw»tcfa. 




1 ' » 

ft -s 




1 


„„„.™ 


Rom 


















^1 ^ 

li 1 

1' L 


1 


It 

1 


1 


1 


h 
i 


1 

It 

1 








Lbl. "F. 




/.M. 


"F. 


"F. 1 "F. 


'■F 


1 lU. 


■AtW. 4 


12 m. to 4 p. III.... 


275; 127 


0.966 


3.50 


93 


121 1 558 


122' 


98 1.34 






275 117 


.984 


2 




110 650 


loe 


85 .85 




4|.. m. 1.. 12p. III.. 


276 119 


.987 


4 


88 124 575! 126 


99 1.40 




276i 116 


.986 


2 


7S 110; 558 110 


97| 1.38 


Ang. 5 


!2p. 111. toKH. m.. 27JV 122 


.0883 


80 112 


575, 112 


98 1.34 


275 117 


.m&2 


70 104 


572 1(M 


90 1.22 


: Ha. .11. to J]., m... 27S 122 


.9863.25 


88 120 


59d 122 


104 1.34 


1 27ft 112 


.9862.50 


80 108 


6701108 


92 1.22 


4p. m. to 12 11.1.1. . 276 120 


.9872.75 


88 120 


5801 122 


100 1.34 


1 , 2-5i 118 


.9862 


80 116 


6S5l 118 


97| 1.34 


AuR, 8 1 12 p. m. to H a. in .. 27S 122 


.9873 


82 118 


610' 118 


l(U 1.40 


1 255, 102 


.9852 


73' 1(M 


5S5' 107 


84, 1. 23 


; 8a. III. Io4ii. m... 27.1 120 


.9875 


95 125 


610' 122 


104 1.34 


255 102 


.9852.60 


73, 108 


665, 112 


91 1.16 


iy. in. t.i 12|.. III.. 275 130 


.9873.60 


73' 112 


m US 


104; 1.40 


270^ 112 


.9852. .50 


72 


104 


665 


106 


90| i.ia 


Aug. 7 12i>. ii>. loNn. ML.. 270 124 


.9873 


74 


lib 


59S 


114 


lOo! 1.40 


■ 270 11H 


.9882 


69 


107 


690 


110 


921 1.22 


i «M. 111. I.i4[.. 111... 276 12H 


.9874 


90 


116 


600 


lU 


100 1.40 


1 270 112 


.HS.=>'2 


74 


108 


58fi 


108 


95! 1.22 


4 11. (11, lo 12 11. 111.. 275 124 


.H85'4 


81 


118 


695 


116 


100! 1.4( 


270, 110 


^2_ 


74 


lOO 


595 


108 


_97|^ 


Aug. H 12 j.. III. 1.. SB- 111.. 275 124 


. H85'3. 75 


74 


106 


595 


108 


103; 1.40 


285 IIU 


.9H;tl.50 


70 


98 


550 


101 


92, 1.S4 


Mil. m.M4i,. 1.1. ..1 274 12K 


,9853.76 




119 


626 


124 


061 1.4( 


' 272 114 


.9B:1I.60 


73 


lOl 


5«a 


102 


92 


l.Sf 


' 4 J.. III. [.. 12 11. [11.. 274 125 


,9832.50 


87 


121 


805 


129 


102 


L40 


271, IIB 


.9821,75 


74 


111 


585 


110 


92 


1.40 


AlW. « 1 I2p. m. t.iSa. 111.., 275 128 


.9823 


80 


lift 


590 


116 


m 


1.40 


273^ 1211 


.9822 


74 


103 


590 


106 


u 


1.34 


.^veraire of hoiirlv 














i.liwn-Btioiw 27:i 111'. 4 


,!'85.... 


79 


112 585 


113.fi 


98 


l.N 



Kind lit fiivl.Bt-aiiiiKml oil. 

Urall i>poiilnp< Into lumKcr. 311' uiiih: 

Total pooiidn of wBlrr feil, \,Vtl,4Sl. 



OIL TESTS. 1 

No. 6. — Tat ofoUfud in a HakeniUin trater-tuht maritte hmler, .4u^uf 4 to 9, 190 

[EDdiinui<;el«atoril6 huun' iuntlon wllh nHlunl dralt. iifdiignir bunieiv. Oil Cltr Botlw W 



M 


Hired dilrinit eath watch. ' 


1 
1 


Flue BUM. 


1 




DnttpiHcnllDlncbeiorH-Hlcr. 1 | 












i 






1. 


i 


u 


1 








■ 


















1 


1 


i '• 


i| 


s 
X 


I' 

1 


a 

i 










1 


1 


f I 


£ 


1 


7 

* 


i 

1 


i 


d 


J 










-0.3o'-0.4o[-0.40 


Lb.. 


/JW. 


iji,. 


^ 


r rl \ P ft 


F.H. 


/«. 


-0 


.26 


-0.20 


818 


9,942 


i.45; 7.4 1 10.8 


0.1 29.99 




.15 


- .20 


- .20 


- .36- .40 


3,270i 3,270 


39,769 


2 ' 7. 4 1 ift 7 







.20 


- .20 


- .30 


- .40- .45 


86* 


10,580 




'29.82 


- 


.15 


- .20 


- .25 


- .30- .40 


S,912|10, 182 


84,638 


' 






30.03 


_ 


.20 


- .2& 


- .33 


- .40 - .50 


82e 


10,133]". rn-l 








.13 


- .20 


- .28 


- .33- .45 


6, BOS'.lfl, 790 


81.064 












.18- .25 


-- .30 


- .38- .48 


847, 


10,520 


8.46; 7.5 


10.3 


.1 


30.00 




.15- .20 


- .27 


- .35- .40 


6,77323.563 


84,156 


St. 16 7.6 


10.2 









.18 


- .26:- .28 


- .35- .48 


»47| 


10,518 








29.76 


- 


.17 


- -^i- ■^» 




8 "230 335 W 148 




1 






.20 


- .28 


- .30'- 40- 50 


8 2 10 657 








29.87 




.16 


- .26 


- .26;- 'Wl- 46 


6 «"43'' 3(»8S J6S 












.18 


- .28 


- .35 


- 40- 50 


848. 10 41 


!l.30 7.8 


10.1 





29.86 




.13 


- .22 


- .30 


-35-41 


6 780,44 081*83 44-. 


10 7.rt 


10 ■ 









.20 


- .28:- -.15 


-46 W 


8.38 10 iW 






29.69 


— 


.13 


- .23- .2S 


- 40 48f. "0450 'HAS' 044 


1 




' 


~ 


.20 


- .2.")- .35; - 46- 50| S3 10 261 






29.89 




.18 


- .23- .30 


- 40 5timW457 4B-«2 007 






1 1 




.18 


- .25- .33 


- 43, 60| S.16 '10 414 

- 4a 48fl H8764 174M 315 

- 40*- 4H| 8J0 110 140 


10.30 


7.11 


10. 8 ; .3 ,29. 98 




.15- .2.1- .30 


10.45 


7.8 


10.1 .! 




.20- .25 - .33 




1 |29.7r 


- 


.15- .23- .28 


- 15,- 486 fi6«-0 7'WRl IH 


1 


j i 


~ 


.20- .25- .35 


- 45'- oO h|1 10 1 1! 




129.89 




.20- .23'- .28 


- H^- 4s 1 1 nj' 




1 1 




.20- .2a- .33 


- 40,- 1 •.K30 


7. H 


9.7 ,29.91 




.IH- .201- .25 


- 35| 4 III 


7.H i 9.8 1 




.m - .22'- .31 


- 40!- i 


I 29.81 


- 


. 15 - . 20 - . 28 


- 3fi 


- 41 1 




_ ' 1 1 


~ 


.18- .22'- .30 


- 40 


- 43 82, fl 762 




1 '30.05 


_ 


. IS - . 20 — . 30 


- 86 


- 4JB 252'lW 517 


78 094 




_ 1 : i__ 


- 


.17- .23- .3( 


-4-H 


10,280 


(") 


7,68l 10.25 .Ofl2fl.HH 

1 



SIhK ci[ weather: August 4. clear; Augimt a. 12 p. ni. to 8 a. m.. clear: f a. m. to V2 p. m.. cloud!': 
and cool. August ", clear, then jiartly cloud)-. August », partly ckiudy. 



NAVAL "liquid FCEL BEPOET. 
—Tea of oil fuel in u Hohautein voter-lube marine boiler, Auffiul 15, 190S. 

rr workiiiK at Its nuitmom pkpacltr. 



it pnatuTca in Incbe* of mlet. 



10.15 a. 
10.308. 
10.45 a. 



11.45 a. r 
12m ... 
12.15 p. 1 
12.30 p. I 
12.45 p. I 
lp.i.... 
L15p.m 
1.30 p. m 
1.45 p. m 

2 p.m.. 
2.15 p. m 
2.30 11. m 
2.45 p. in 

3 p.m.. 
3.15 p. u> 
3.30 p. m 
3.45 p. Ill 

4 p.m.. 
4.15 p. Ill 



sft'j , 116 am 305 



274 120 392 



274 122 391 

274 120 390 



3W 316 

sm 31 s 

3(K) aifl 

.TOO 318 

3K0 31« 

■ 31t0 316 

1 390 31B 

.^t*i aia 

' 3110 , 320 

3iN) ■ 320 

3i>0 320 

I 390 ' 320 

;iH(1 320 



.MS 2 
. )»5 2. 5 
.MS 3 



0.35 -0.50 



Kla4 of luel. BunmonI ol 

JtevnIuCIolH of Hunt binwe 
Dimft opoEilD^ Into furuac 
Tbe tmukc varied ftnui U t 



OIL TESTS. 
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No. 7. — Te^ of oU fuel in a Uohengtein water-tube marine boiler ^ Auffust 15 ^ 1902. 

[Six hours' duration with natural draft, but with the Root blower working at its maximum capacity. 

Oil City Boiler Works burner.] 





Air from Root blower, pressure 
per Hquare inch. 


Temperature. 


Flue gases. 


• 

C 

c 

5 




Time. 


• 

•c 

a 

°F. 

73 
73 
74 
74 
75 
75 
76 
77 
77 
78 
78 
80 
79 
79 
80 
80 
78 
80 
80 
79 
79 
79 
79 
79 
79 


Air in fire room. 


• 
X 

o 

B 

OS 
I 

° F. 

710 
710 
730 
725 
725 
740 
1 745 
748 
760 

/ t 4 

790 
800 


o 
9 

£ 


CO,. 


0. 


CO. 


• 
U 

c 
x: 

u 

1 
St 


10.15 a. in . 


4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.(33 
4.63 
4.63 
' 4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.75 
4.75 
4.75 
4.75 
4. 75 
4.75 
4.75 


95 
98 
100 
101 
104 
108 
111 
110 
114 
110 
113 
120 
120 
122 
126 
128 
130 
134 
135 
142 
138 
138 

i;« 

136 
133 


°F 

124 
132 

138 
143 
148 
149 
154 
157 
158 
160 
160 
161 
160 
166 
168 
170 
170 
172 
173 
174 
175 
178 
176 
178 
178 


1 
P. d. P. ct. 


p. rt. 


1J>8. 




IJ)K. 




10.30 a. m . 


10. 2 6. 9 




0.1 




10.45 a. m . 






11 a. Ill - 


9.9 


6.6 


.5 






11.15 a. ni - 


1,501 


17, 226 


11.30 a. m . 


10 


6.6 


.2 




11.45 a. m . 






12 ni 


10.2 


6.4 


.4 






12.15 p. m . 
12.30 p. m . 
12.45 p. Ill . 

1 p. in 

1.15 p. m .. 
1.30 p. m .. 
1.45 p. Ill .. 

2 p. m 

2. 15 p. m - . 
2.30 p. Ill . . 
2.45 p. m .. 

3 p. Ill 

3.15 p. ni .. 
3.30 p. Ill . . 
3.45 p. Ill - . 

4 p. in 

4.15 p. Ill .. 


1,477 


17,383 


9.7 


6.6 


.5 








10 


6.8 


9 






1,465 


17,002 


10.3 


6.6 


.1 








9.8 


7.1 


.1 






1,566 


17,639 


9.8 


mm 

4 


.5 








10.3 


6.4 


.3 






1,558 


18,073 


10.7 


6.3 


9 






10.4 : 6.4 


.2 










1,522 


17, 673 


■ 






Average ... 


4.66 


77. 6 


120 


747 


161 


10.1 


6.6i 


.275 


1,515 


17,499 



Temperature near middle of furnace, 2,200° F. 
Temi>erature of gases iust after tuniing edge of first baftie, 2,090° F. 

Toward the close of the test the temperature over the platform in the fireroom reached 220° F., a 
serious objection to this method of forcing combustion. 
Total pounds oil burned, 9,089. 
Total pounds water fed, 104,996. 



« . 




NAVAL "liquid FUEL BEPOBT. 



No. 8. — Te^^ of oil fuel in n Hohenftein vaier-tube m 
[ThiM houn' dunitloii with forced dnft, using air burner 



rine boiUr, AuguM SO, 190S. 
Oil Cltf BoUer Work* bamer.) 





i 

t 

1 
1 


5 

i 

1 
1 


(-alurlmeti 


'_: 


1 

S 

ii 

■s 

1 


Dmn prexnuea in Incbo ol wsler. 


Time. 


: p 

s 


, 




. 


i 




S 


1 

"5 

1 




/*.. 


"F. 


-F. 


"F. 




;».. 












llB.m... 


arr 


120 


.184 


298 


0.1187 


1.5 




3.2 


2.3 1 


8 


—0.* 


ILISfum. 


27H 


120 


384 


2fl8 


.987 


2 


1 


3.2 


2.3 1 


a 


- .& 


11.30 a. ni. 


278 


120 


:m4 


2es 


.»87 


U.6 


3.3 


2.3 1 


s 


- .6 


11.4Sa. 111. 


27K 


128 


385 


2H8 


.986 


2 




3.4 


2.3 1 




- .5 


12ni 


277 


120 


3AS 


302 


.9ft» 


2.5 


^ 


.1.S 


2.3 1 




- .5 


12.15 11. in. 


278 


118 


3se 


300 


.991 


2. ft 


■3 


3.5 


2.3 1 




- .6 


12.301.. m. 


277 


118 


38« 


300 


.991 


2 


1 


3.5 


2.3 1 




- .8 


12.43 p. in. 


277 


118 


3H« 


300 


.991 


3 


1 


3.5 


2.3 1 




- .6 


1pm.-.. 


277 


llfl 


3Htf 


:w« 


.991 


2. ft 


;t.5 


2.3 1 




- .6 


l.l.iy.ni.. 


27« 


118 


;t86 


■m 


.888 


2 


1 


3.5 


2.3 1 




- .8 


1.30 iMn.. 


27H 


lis 


3«8 


2«8 


.98tl 


2 


3.5 


2.3 1 




- .8 


l.Wi..,,... 


277 


114 


■■m\ 


302 


.9KH 


» 


1 


.1.5 


2.3 1 




- .8 


2p.m.... 


27« 


US 


;«« 


mi 


.98K 


2, ft 




3.5 


2.3 1 




- .6 


Averaei- 


277,5 


11» 






.988 .... 


3.75 


3.4 


..,,, 


86 


- .53 











Diall upcniUKs lutu furoacv. 
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No. 8. — Test of ml fuel in a Hohenstein water-tube marine boiler^ August ^0^ 1902. 
[Three hours' duration with forced draft, using air burners. Oil City Boiler Works burner.] 





i 




Temperature. 




Flue ga.<«es. 








h« Air from Root blower, p 
» .sure per square inch. 
















Oil burned per hour. 




Time. 


Outside air. 


Air in fireroom. 


■ 
M 

X 

C 

-«» 
as 

K 

o 

°F. 


• 

c 

c 
£ 

°F. 


COj. 


0. 


CO. 


Water fed per hour. 




°/'. 


°/'. 


P. ct. 


P.ct. 


P.ct. 


U>g. 


Lbf. 


11 a.m 


4.68 


80 


110 





132 




•*••*• 










11.15 a.m.. 


4.68 


80 


112 


918 


133 


7.2 


10.5 


0.3 






11.30 a.m.. 


4.68 
4.68 
4.68 


80 

81 
81 


112 
113 
113 


927 


133 
134 
134 












11.45 a. Ill .. 


6.9 


11.1 


.3 






12m 


3,143 


29, 672 


12.15 p.m.. 
12.30 p.m.. 
12.45 p.m.. 

1 p. m 

1.15 p.m... 
1.30 p.m... 

1.45 p. m 

2p. m 


4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 


81 
82 
82 
82 
83 
83 
83 
84 


114 
115 
116 
117 
117 
117 
117 
118 


1,200 
1,027 
1,015 
1,015 


136 
136 
136 
138 
138 
138 
138 
138 


8.6 


8.3 


.2 








8.1 


9.4 


0.0 






3,454 


31,469 


8.2 


9.5 


.3 








8.2 


9.2 


.2 






3,312 


32,244 




...... 

1 




Averaj^e 


4.68 


82 


115 


1,017 


136 


7.87 


9.66 


.22 


3,303 


31,128 



Very thick black smoke throughout the test. 

From 12.15 p. m. to end of test, continuous flaming In stack. 

After test was over, 42 pounds of carbon were removed from furnace. 

Total pounds oil burned, 9.909. 

Total pounds water fed, 93,385. 



120 NAVAL " LIQUID FDEL"bEPOET. 

So. 9.— r^rf tifml/iiel in <i IIoheiMeiii imUMuiie marine boHtr, .September It, 1909. 



2.15 
2.:»p. 
2.+'> p 
3i..m 
3.1SI. 
3.30 p. 
3.« p 
4p.m 
4.1.-> p 
4.30 p 
4.4.1 p 
5|>.m 
S.!.-* p 
6.30 p. 
5.4S p 
8p.m 






120 3H«i ■ 308 .1192 



12.i , :t»6 ;10S .H92 

i:» ;wrt ;to« .1BI2 

137 ' 3rt(t 308 .J»2 

140 ;W« , 30K .992 

13H ' 3H« ;«8 : . 902 



122 388 I 302 0.il88 , 2.5 



no ' 388 30« 



;i84 


:m 


.mi 


2.5 


:W4 


■m 


.9Stl 


a. 5 


3K4 


■■m 


.i«ii 


2.5 


:w8 


:m 


.ml 


2.5 






.901 





i 


It 


i 


'|i 







I iiM-iilnK inlii [iiniHiv. Ir 
inn In Jl.|>lp<' air chHint 



OIL TESTS. 



No. 9.—TatofoilfiieliHu IIoheiMeln 
[Six htnirx' (liinilioii nlih iialiin 



1.30 [.. in 
l.W p. Ill 
2p,m... 
2.15 p. m 
2.30 1>. Ill 
2.45 i>. ni 

3 p. III... 
3.15 p. m 
3.30 p. ni 
3.45 p. Ill 

4 p.m..- 
4.15 p. in 
4.30 p. Ill 
4.45 p. Ill 

5 p.m... 
5.15 p. m 
5.30 p. 1.1 
5.45 1.. m 

6 p.m... 
6.15 p. Ill 
6.30 p. Ill 
6.43 p. Ill 
7p.m... 
7.15 p. .,1 
7.30 p. Ill 



"iiiiT-tiilit marint fioiler, Sfpteinher . 
drafl, ludng ■' Hayes" stesm burners.] 
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-0.20 -0.32 ■'1.6 12.7 



.20 - . :« ■ 4. « 



21 - .20 .- .20 



20 — .20 - .20 



- ,20 - .20 



S- .204- .20.';- .38 



A ivvr ontioeB of oarboii w 



Total poiinilH oil biimed, 1.600, 
Total pound" pieani used by bun 
Tola) pouDds water ted. 13,761. 



Iveraittt 1. b>- Rtngelmann 



ichlagwell Into (be 
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NAVAL "liquid FUEL " REPORT. 



No. 10. — Test of oil f Hi'! in a Hohenstein water-tube marine boiler ^ September 19, 1902, 
[EiKht hours' duration witli natural draft, iLsin^ steam burners. Oil City Boiler Workii burner.] 



Calorimeter 



Time. 



10.30 a. m, 
10.45 ji. Ill 
11 a. Ill .. 
11.15 a. in, 
11.80 a. in 
11.45 a. in, 

12ni 

12.15 p. m 
12.30 p. Ill 
12.45 p. 111. 

1 p. in 

1.15 j». 111.. 
1.30 p. in.. 
1.45 J), in.. 



2 p III 

2.15 i». m. 
2.30 p.m. 
2.45 p. in. 

3 j>. Ill 

3.15 J). 111. 
3.30 i». 111. 
3.45 p. in. 

4 i>. Ill ... 
4.15 p. 111. 
4.30 p.m. 
4.45 j». 111. 

5 ]). in 

5.15 p. 111. 
5.;^) p. m. 
5.45 p. in. 

6 p. in 

6.15 p. m. 
6.30 p.m. 



60 



t 

C 
'S. 






27n 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
270 
275 
275 
275 
275 
275 
275 
275 
274 
274 
275 
275 
274 
274 
274 
274 
275 






° F. 

118 

120 

118 

118 

115 

118 

116 

115 

118 

110 

112 

118 

120 

120 

120 

118 

118 

118 

120 

122 

120 

120 

122 

118 

118 

118 

118 

120 

120 

120 

120 

118 

120 



a 

U 



380 
380 
380 
380 
380 
:i80 
380 
380 
382 
380 
380 
380 
:i80 
384 
384 
384 
384 
384 
384 
384 
384 
:W4 
384 
384! 
384 
380 
380 
380 
380 
380 
380 
380 
360 









° F. 
308 

:^8 

308 
308 
308 
3O9I 
310 
310 
310 
310 
310 
310, 
310 
310, 
310 
310 
310; 
310 
31 0| 
310! 
310; 
310' 

310: 

310 
3101 
310 
31 0| 
310 
310 
310 
310 
310 
308 





' it 










s 


r. 


Sf 




Temperature. 








£ 










7 










• 


% 




C 






M 


M 


• 


0m 

c 






• 


S 

S 


1 

X 




3i 


1 « 3i 




c 




c 


^s 


X 


1 z 


• 

"3 


i 




• 


-J ST 


>. 


^ 


» 


c 


Jc 


0* 


1^ 






1 


0^ 


•** 


1 


1 



Avfnijre .. 274.6 118.3 



0.994 
.994 
.994 
.994 
.994 
.995 
.995 
.995 
.995 
.995 
. 995 
.i>95 
.995 
.994 
.994 
. 994' 
.994, 
.994 
.t»94 
.994 
.994 
.994, 
.994I 
.i)94, 
.994' 
.995 
.995 
. 995 
.995 
.995 
.995 
.995 

l.(X)l 

. 995 



In*. 

2. 75. 

2. 75 

2.75 

2.50 

2. 50 

2.50 

2.50 

3 

2.50 

2.50 

2.50 

2.50 

2.50 

3 

3 

3 

2.50 

2.50 

2. 50 

2.50 

2.50 

2.50 



2 

3 
•> 

2 
2 
♦> 



50 
50 
50 
50 
2. 50 
2.50 
2.50 
2. 50 
2. 50 
2. 75 



62 

63 

64' 

64. 

66 

66 

67 

67 

68, 

68 

69 

70 

71 

71 

71 

70i 

70' 

70j 

70 

71 

71 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 



90 


1 


0/: 


28 


91 
90 
90 


""68. 


600 


29 
30 
30 


91 






30 


92 
99 
99 


""68. 


6a5 


29 
30 
30 


100 




i 


31 


101 
100 
100 


""68. 


600 

1 


30 
30 
30 


100 
95 

98 
98 


68;. 


1 

"605' 

i 


30 
30 
30 
30 


1H> 

9«) 

94 

100 


• •www* • 

68. 


1 
"580' 

^ 1 


30 
28 
28 

28 


100 






28 


98 
94 

98 


""68. 


575j 


28 
28 
30 


102 






30 


110 
106 
1(H 


m. 


595 


32 
32 
32 


104 






32 


100 
100 
104 


""69. 


610 


32 
32 
31 


99 






29 











69 



98 68.1 596 29.9 



state <»f weather, thin clouds. 

Barometer at u<H>n. ;iO.*20 iiifhej*. 

Kind of fuel. Beaumont oil. 

Draft oi»eninK into furnaee, 500 .'*<|uare inches. 

PresKure in oil-pipe air chamber, 20 iM)und.»». 

TeiniHTattire over flrero«»m jdatform, averaKe 177° F.. maximum 1h4° F. 

Temperature of superheated steam for burner«, 444.4° F. 




OIL TESTS. 
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No. 10. — Test of oil fuel in a Hohenstein vater-tube marine boiler, September 19y 1902. 
[Eight hours' duration with natural draft, iLsing steam burners. Oil City Boiler Works burner.] 



Draft pressures, in inches of water. 


Flue gases. 


u 

C 
... 

u 
1— < 

c 



X 




Time. 

cS 
5^ 


X 

c 

W 

c 

^^ 

^- 
^». 


s 

mm 
^m 


• 

•:; 

i 

0.60 

- .60 

- .60 

- .60 

- .60 
.60 

- .60 
.()0 

- .60 

- .60 

- .60 

- .60 
.60 

- .60 
. 60 

- .60 

- .m 

.60 

- .()0 

- .60 

- .60 
.60 

- .60 

.m 

- . 55 

- .()0 

- .60 

- .60 
.60 
.58 

- . 58 

- .58 

- .58 


<;0o. 


0. 

P. ct. 
10.6 


CO. , 


■ 

3 
C 

u 
5 


10.30 a. 111.. —0. 
10.45 a. m. . — . 


20 -0.15 

18 - .18 

20 - .20 

20 . 20 

20 - .20 

20 - .20 

20 - .20 

20 - .20 

20 - .20 

.20 - .20 

. 20 . 20 

. 20 . 20 

. 20 , - . 20 

. 20 . 20 

.20 - .20 

. 20 . 20 

.20 - .20 

.20 - .20 

.20 - .20 

20 . 20 

20 .20 

20 . 20 

20 . 20 

20 .20 

20 .20 

• — 1 • -*• 
•>'> *>»7 

,2\ - iii 

.21 - .20 
.20 - .20 
. 20 . 20 


-0. 20 
.20 

- .20 

- .30 

- .30 
.30 
.30 
.30 

- .30 

- ,m 

- .30 

. :^,o 

- .30 
.30 

- .30 
.30 

- .30 

- .30 
.30 

- .30 

- .30 

- .:30 
. 30 

- .30 

- .30 
.25 

- .25 

- .25 
.25 

- .25 
.25 

-- .28 

- .28 


P. (i. 


P. rt. 





JM. 



11 a. m — . 










11.15 a. m. . — . 


...... ^ 1 




11.30a. 111.. 






983 


475 


11,181 


11.45a. 111. - — . 


7.1 


11.1 1. 

1 




12 111 - . 








12.15 p. Ill . — 
12.30 p. Ill . - . 
12.45 p. Ill . - 

1 p. Ill — 

1.15 p. Ill .. — 
1.30 p. m .. — 
1.45 p. m .. - 

2p. m — 

2.15 p. m... — 
2.30 p.m... — 
2.45 p. 111... — 

3 p4 m — 

3.15 p. 111... — 
3.30 p.m... - 
3.45 p. m... — 

4 p. Ill - 

4. 15 p. m... — 
4.30 p. 111... - 
4.45 p. Ill 1 — 

5 p. Ill — 

5.15 J), ni... — 
5.30 p. ill... — 
5.45 J). 111... ~ 

6 p. Ill — 

6.15 p. m... - 
6.30 p.m... — 


' 






' 


968 


365 


11,143 


7 


11.2 .1 

» 










1 










934 


42311.222 


7 


'ii.i '6 " . 












i 1 ' 

- 1-- - 






915 


32610,551 


^^.ij 


11.2 













— 1 1 ' 






851 


399,10,287 

1 


6.6 


11.8 






1 


826 


479 9,733 


7.4 

****** 

"7'2" 


10.8 

io. 6 




970 




'"'452ii,'67i 




l...... 

'•••••• ---__-. 






913 


493 


10, 603 
10,724 


Average . . . — 


.202- .201 


.281 


- .596 

1 


6.99 

1 


11.05 .013 


920 


427 



The angular setting of the side burners is ehanged so as to direct their flames more toward the een- 
ter of the furnace. Heretofore the side walls of the furnace have abs<^»rbe<l an undue amount of heat 
a.s shown by their glow after extinguishing the burners. 

Curved sheet-iron deflectors have been placed in what were formerly the ash pit openings, so as to 
direct the entering air upward at an an^le against the flames. 

The smoke averages about \, the maximum Ijeing 4. by Riiigelmann charts. 

A disk of carbon 9 inches in diameter was deposited oh the back wall opposite the center burners. 

The burners make much le^s noise than those made bv the same builders using air. 

Total pounds oil burned. 7.360. 

Total pounds steam used by burners, 3,412. 

Total pounds water fed, 85,791. 

32196—04 9 
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NAVAL *' LIQUID FUEL REPORT. 



No. 11. — TeM of oil fuel in a Ilohennteiii uxiter'tube marine fntiler, September 20, 1901t, 
[Kijsrht hours' (lumtioii with natiiml draft, using Rteani bumen*. Oil City Boiler WorkH burner.] 



Time. 



9 a. m 

9.15 a. in.. 
9.30 a.m.. 
9.45 a. 111.. 

10 a. in 

10.15 a. m 
10.30 a. m 
10.45 a. m. 

11a. ni 

11.15 a.m. 
11.30a.m. 
11.45 a. m. 

12 m 

12.15 p. m. 
12.30 p. m 
12.45 p. m. 

1 p. m 

1.15 J), m., 
l.IiOp. m.. 
1.45 j». m.. 

2 p. m 

2.15 J), m., 
2.30 p.m. 
2.45 p. in. 

3 p. Ill 

3.15 J), ill., 
3.30 p.m. 
3.45 p. m., 

4 p. Ill 

4.15 j>. m.. 
4.30 p.m.. 
4.45 J), m.. 

5 p. m 

Aveni^ .. 



g 



i 



B 
X 



270 
276 
271 
273 
26t* 
273 
277 
277 
276 
277 
275 
276 
276 
273 
276 
277 
277 
275 
276 
278 
274 
275 
275 
277 
275 
278 
277 
277 
273 
277 
274 
276 
276 



275. 2 



r 
Z 



a 



Calorimeter. 



Temperature. 



118 

118 

120 

120 

120 

120 

118 

118 

120 

120 , 

118 

120 

120 i 

120 

120 

122 

124 

120 

122 

122 

124 

122 

122 

122 I 

120 

120 

120 

120 

120 

120 

118 

120 

118 

1 20. 2 



c 



tic 



° r. 
;^80 

384 
380 
382 
:i80 
384 
:^84 
384 
384 
380 
380 
384 
384 
380 
3vS0 
380 
382 
383 
m3 
383 

:Ki 

383 
380 
380 

;wo 

380 
380 
3S0 
380 
380 
380 
380 
380 



° F. 
306 

;^8 

308 

:^8 
;i08 

310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 







t, 


** 


M< 


K 


E 


•M 




^* 




V 
^ 


u> 




1, 


'* 







993 
993 
994 
993 
994 
994 
994 
994 
994 
995 
995 
<M)4 
994 
995 
995 
995 
994 
994 
994 
994 
m)4 
994 
9*»5 
995 
SYdh 
995 
W5 

995 
tn)5 
995 
1)95 



.9f»4 



be 



0) 



u 

X 



Ins. 
3 
3 
3 
3 
2 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2. 5 
2.5 
2.5 
2.5 
2.5 
2.5 
2. 5 
2.5 
2. 5 
3 

2.75 
2. 75 
3 

2.5 
2.5 

•> h 

2.5 
2.5 
2.5 
2. 5 



3 



1^ 



66 
70 
72 
74 
76 



78 

80 

80 

80 ' 

80 

80 

80 

80 

80 . 

80 

80 I 

80 

8 

6 

6 

6 
-6 

6 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 



5 

c 



110 
110 
110 
108 
108 
108 
108 
98 
108 
110 
110 
112 
112 
111 
110 



77 106 



State of weather, thin c'louds. 

Barometer at ncnm. 3t).l» Inehe>. 

Kind (»f fuel. Beaumont oil. 

l)raft (»{M'ninK into furnaee. .'»(H) s«juare inches. 

I*n»ssure in oil-pijK? air ehamU-r. 30 iMmnds, 

Temfwrature over tirer<K)m nlatforni. average IS'29 F.. maximum 188*^ F. 

Temperature of }*uperheatea steam for burners. 40K.2° F. 



a 
S 

I . 



I « 



-< 




c 


93 


o^ 


94 


• 




96 

98 


68 1 


635 


100 






100 


1 


104 
106 


68 


640 


106 


r 


m\ 


! 




104 
106 


68 


645 


104 






106 


1 




106 
106 


68 1 

1 


630 


108 


1 




108 







68 620 



JUmi. 

60 

60 

60 

60 

62 

62 

62 

61 

61 

62 

62 

62 

62 

64 

65 

64 

62 

62 

61 

61 

61 

60 



68 


615 


60 
60 


1 


60 




60 


«*•••• ————— 

68 


620 


60 
60 


1 


60 


■ 


61 


68 


620 




62 
62 


1 


62 


1 




68 


628 


61.4 



OIL TESTS. 

No. l\.—Te»lofoilfufiinnHnhenHtin v-atfr-tuff '. 



ne Imiler, Septfmlifr -^i 
. on City Boiler Work* I 



10.15 a. I 
10.30 a. T 
10.45 a. I 

11 a. m . 
11.15 a. 1 
11.30 a. I 
ll.-l.'i a. I 

12 in ... 
12.15 p. I 
12.30 p. I 
12.45 p. I 
1 p. m .. 
l.lop.m 
1.30 p. m 
1.45 p. Ill 
2t..m.. 
2.1.5^1.1 
2.30 p. m 
2.45 p. m 
3p.m.. 
3.15p.ni 
3.30p.n. 
3.45 p. ii: 
4 p.m.. 
4.15p.>]i 
4,30 p. ni 
4.45 p. m 



ft pteonim, In Inche* ol 



-0.27 ,-0.53 

- ,27 - .54 

- .2fl - .50 



\, (!■',» 5-*6 12,550 



3 I I,0;i7 5.54 12,072 



- .M - .28 '- ..53 I. 



- .14 - -20 - ,2.5 - ,53 I 



- .14 - ,20 - .27 - .-53 ', 



- .14 - .20 |- .28 - ..55 1. 



- . 13 - . 19 - . 28 . - . 



, l»7- .27H- ..529 



1.011 448 '11, t 



The deposll «[ CHrb-m wiw Nllitht iin<i 
ToUl pounds oil biime<1, K,2.lV, 
Total poutiilB Bloflin iiscil ' 



n l*ing I, |>y Klimi-li 



1 iJC 



1^ 



NAVAL ''LIQUID FCKL REPORT. 



No. lU. — 'r*'i*t nf ttll fnt'l in a I/nhnuttfiu intU'r tuhe marliw fntlier^ September 22 , J902. 
[KiKtit hdtin*' (lunitioii w itli imtunil dnifi. usiiif; Mtonni iMiniors. (HI (Mty Boiler Worki* biinuT.] 
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No. 13. — Tefit of oil f\iel in HohenMein water-tube marine Ixriler^ September 27 y 1902. 
[Eight hours' duration with natural draft, iLving " Reed" air and steam burners.] 
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2.30 p.m.. 




46 


90 


— .15 


2.45 p.m.. 
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5p. m 




46 


92 
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5.15 p. m.. 
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5.45 p. m.. 




46 


90 


.15 


6 p. m 




34 


90 
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Average .. 


1. 


51 


92 


— .15 




11,924 



The front wall di the furnace has been rebuilt and now has openings 8 inches In diameter for the 
burners. This provides an annular opening for the admission of^atmoepheric air around each burner. 

September 26: A preliminary nin of 9 hours was made with a bridge wall built across the furnace 
9 inches from the oack wall and up to within 9 inches of the lower row of tubes. The wall was 
hollow and had perforations in front, its object being to introduce heated air at the back of the fur- 
nace. The front of the wall was in the form of 4 steps, each 8 inches high. The wall proved to be 
too high, choking the draft. In preparation for the trial of September 27, the top step was removed; 
also, to reduce loss by downward radiation of heat, inclined sheets of asbestos were laid on the lowest 
step of the bridge wall, the sheets extending to the front of the furnace. 

September 27: At the end of the test there was a deposit of carbon about 9 inches in diameter on 
the bridge wall opposite the right burners. The perforations In the bridge wall were partially 
choked with slag melted out of the brickwork. 
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No. 14. — T*'M ofoii fuel hi a IToheiiAtein waUr-tuhe marine boiler, September 29, 1902, 
[Eight hours' duration with natural draft, using •' Reed " air and steam burners.] 
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1.46 
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1.46 
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1.21 

1.21 

1.21 

1.46 

1.46 

1.46 

1.46 
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1.46 
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1.46 
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0.05 
.05 
.1 
. 1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
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...1,194 67014,376 
! 



.1 



1,133 68413,971 



- .5 ' ' 1,145 281 14,108 

- .5 8.4 9 ! 

- .5 ^ 

- .5 --.-j 

2 -.5 ....1,157 37014,192 

5 8.4 9.4 .2 

o - 

O 

) ' 1,133 33213,640 





2 _ 

») 

mm 

2 - 

2 _ 

2^ 

2 

2 I — 

•> 



5 I 8. 6 8.9 
5 



o 

mr 



9. 1 8. 6 .1 



1,196 6.3314,284 



n 
5 



5 1,115 68013,972 



Averagt' .. 1.37 SV» - .0971- .10— .20— .50, 8.53 9.04 



.05,1,152 557 14,014 



Before beginning this test another step of >< inches was removed from the top of the bridge wall, 
and brick uptakes were built in the furnace so as to lead the air from the old ashpit openings verti- 
cally upward to the burners. 

During the test the quantity of steam used in the burners was the least permi.ssible — i. e., a further 
reduction would result in the production of smoke. 

At the end of the test there was a deposit of carbon 10 inches in diameter on the bridge wall oppo- 
site the right burners and one 8 inches in diameter in front of the middle burners. The openings in 
the bridge wall were tilled with slag. 
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No. 15. — Tt'Ht of oil fuel in n Ilohenstfin u^nter'tutte marine Mler, ffdoher 4i 1903. 
,EUhi h«>ur>' ilunitioii with nntuml «lraft. using Oil City Boiler WorkH burner, under uteAm.j 
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:5.45 p. r::.. 

4 p. ! 

4.15 p. !!... 

4.:ii.>:-. : .. 
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412 
412 
414 
4<)8 
404 
410 
410 
410 
¥» 
4<N) 
400 
400 
4«X> 
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92 
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92 
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93 

93 
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90 

90 
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r-- '.• • ».'..■•:■ •..-... rS-:" ^. [-rt ci'-^t 1/>. _V. iv.«l ."J. -^ri .ii^'Mir:: i»( :he dirty o«>iulxiio& 

I*, —f. iuj: y^'.r: \^»:'^ Mi»w:i d- 'w.i dn-l :bo tuS.-?* >.''.e«n««l of *ji>t . 
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le boUer, October 4, ISOi. 
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„..^. 


1 


1 

I 

1 

5 


i 


Tlmp. 




i 
1 

1 


1 

1 

t 


1 

1 


(-■O,. 


'■ 


CO. 


1 1 
1 . 1 
1 1 

1 1 




45 j-0. 14 


-0.1S 




-0. 25 -fl. 50 


P.ri. 


P. el. 


...r. 


7.6.. lA.. 


9.15a.i.j.. 


8.8 


8.6 


0.6 1 i 


1,203| 839 '13.363 




























10.1ft a. ni. 


1 
"■"i 1 ■ 


8.8 


8.1 


O.t) 


\ 1 1,095 


620 12,625 




1 1 






















11.15a.m. 


: 1 


8.0 
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Total pouniiafe " 

Total poands Ht 

Total pounds ol 






r to those cit Sfpiember 11, with the lollowliiR excepllons. 
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■ ■ " ' "'■' -' "--aliDoephere to 



e (act, Ihat 
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te o( steam used btt epn 
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Xo. 16.— 7Vj>( nfoil J'uel in ii IMieiMein inUer-iube mnrhie l^oiler, Octobfr IS, 19ft.'. 
[Six huur>' ilumluii wiUi l-lni'h (nniil dnift. luttiKOll Ctty BullvrWotkii burner, under ultuni.] 
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No. 1(>. — Test ofoiljiiel In a Hoheiisteia water'tuhe marine hoUer^ October 13 y 190-2. 
[Six hours' duration with 1-inch forced draft, using Oil City Boiler Works bunier. under steam.] 
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In this test it was endeavored to use only enough steam in the burners to spray the oil. 

A dLsh of carbon 12 inches in diameter was deposited in front of the right burners, and one 8 inches 
in diameter in front of the middle burners. Some carbon was deposited on the lower row of tubes; 
on the six right tubes for 1 foot from the back wall the deposit was 1 inch thick, but the pai»ages were 
not choked bv it. 

Total pounds oil burned, 9.379. 

Total pounds steam for spraying, 2,204. 

Total pounds feed water, 95,294. 
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No. 17. — Tfnt of oU fuel In a Jfohenstein irater-tnlpe marine Itoiler Ortoitrr 14, 1902. 
[Four hours' duration with '2-inoh forced draft, uxing Oil (ity Boiler Works burner, undt*r iitc-min.] 
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state of weather, partly cloudy. 

Barometer at no<»n, 'JIKWJ inelu>. 

I>nift (»{K.'iiinK iutt> furnace. kU) square inches. 

During this ti*st there whs considerable soot on the tul>es from the preceding test. AliiO the water 
WHS very muddy, it bein»; found necessary to blow down the water column at intervabiof lOminiitea 
towanl the end'of the ti'st. 

Until the last hour of the test. t(M> little steam was usihI in the burners and the oil wan inmifBclentljr 
«*praye<l. Thi!», together with thedirty condition of the lioiler, account'^ furthe low rateof evApoimtfcm. 
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No. 17. — Te^t of oil fuel in a Holiaistein vateMuhe marine iKtiler October 14y J90€. 
[Four hours' duration with 2-inch forcetl draft, using Oil City Boiler Works burner, under Rteam.j 
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Throughout the test smoke was observed coming from beneath the fireroom. Streams from two 
hose lines were kept playing into the space, and Vents were closed with earth. At the conclusion of 
the tests the smouldering fire had been quenched. The lire was due to some small timbers being left 
in the earth under the foundations proper of the boiler. 

Total pounds oil burned, 9,220. 

Total pounds steam for spraying, 1,445. 

Total pounds feed water, 82,388. 

Pressure on oil system, 45 pound.**. 
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N<». 18. — Tt'M of oil finl In a IIohens<tein vater-tuhe marine hnUr^ (kidher 22. 1902, 
[Five hoiiFh' duration with i-iiuh foned draft, using Oil City B4tiler Work* biimciKj 
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No. 18. — TeM. of oil fuel in a Hohenstein nKUer-tube marine boiler ^ October £2, 190S. 
[Five hours' duratlpn with 2-ineh forced draft, using Oil City Boiler Works burners.] 
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PresBure on oil system, 46 pounds. 
Ayerage draft pressure at base of stack, —.52. 
Total pounds of oil burned, 10,535. 
Total pounds of steam for spraying, 3,126. 
Total pounds feed water, 104,778. 
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3,1 


2.7 
2.0 
2,6 
2.. 


2.2 1 1.2 

2.2 1 1.2 

2.3 1.2 
2.25 1.3 


-■< 


2.5 














1 






2.K«5 


1.015 2U.9M 


5.15 p.m.. 
6.30 p.m.. 
6.45 p.m.. 
6p.m.... 




















94 


35 


ins 


3 
3 


2.6 

2.8 


2.251 1.3 
2.25' 1.3 


-■■' 








i 1 


82 


36 


«r 


3 


2.6 


2.25 1.3 


- ■* 


2,953 


I.IM 


27,162 


6.15 p.m.. 


W. 


»fi 


458 


3.1 


2,6 


2,25i 1.3 


- .4«l... 








6.30 p.m.. 


90 


35 


453 


3.1 


2.6 


2,25 


1.3 


.-.60I.... 


1,607 


m 


14,117 


Average .. 


91 


3. 


463 


3,02 


2.81 


2.23 


,,■25 


- .4|l 3,3 

1 


2.H7K 


1.0«2 


"■^ 



teat tt iru endeavored in iiecure maximum capacity wlltiout regard to elDciency. 
QUI tbe baso o[ the nlack wub red bo(, nnd Ibe lest waa alopped al K.30 lo prevent 

Tcre two diskn ol carbon Vi inchea in dlaiacliT opposllc (lie It'it and middle bumei 
ounds at oil bumed, 7,44A. 
ounds of gleam for xpraylng. 2,eM. 
oundH feed water. 68,233. 
stack red hoi; Imponlble to collett !«mp1tw •<( Hue gaws. 
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NAVAL ''LIQUID FUEL REPORT. 



No. 20.— 7>jrf of oil fuel 
fSeven hours' duration with I 



in a Hohenstein valer'tulH' marine boiler^ October £7, 190t. 
-inch forced draft, UMing Oil City Boiler Works burners, under steam.] 



Ui 



Time. 



s 
I 



12 m 

12.15 p. m, 
12.301). m 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m. 
1.45 p. m., 

2 p. m 

2.15 p. m., 
2.30 p.m. 
2.45 J), m. 

3 p. m 

3.15 p. m. 
3.30 p.m. 
3.45 p. m. 

4 p. m ... 
4.15 p. m. 
4.30 p.m. 
4.45 p. m. 

5 p. m ... 
5.15 p. m. 
5.30 p. m. 
5.45 p. m. 

6 p. m ... 
6.15 p. m. 
6.30 p.m. 
6.45 p. m. 

7 p. m ... 

Average . 



IJb». 
275 
275 
276 
276 
275 
276 
271 
275 
' 278 
276 
273 
280 
280 
275 
276 
280 
280 
274 



275 



»>79 



284 

278 
274 



275 



265 
280 



275 
275 



275 



275. 8 



o 

t 

S 



112 
18 
20 
20 
12 
18 

Art Art 

20 
25 
20 
15 
19 
20 
20 
20 
20 
17 
20 
18 
12 
18 
18 
20 
20 
22 

15 
20 
20 
20 



18. 



Colorimeter. 



T,. 



Tf I Q. 



406 
404 
406 
406 
406, 
406 
404 
406 
406 
406 
40*1 
406' 
406 
406' 
406 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
4(H 
404 
404 



0/ 
6C 



> be 






■|- 



308 

308 

308 

308 

308 

308 

308 

306 

306 

306 

306 

308 

306] 

306 

306 

306 

306 

306 

306 

30() 

306 

306 

306 

306, 

3W> 

306 

:«)6 

:i06 

306 



OF. I 

0.984 
.984 
.984 
.984' 
.984 

.984 
.983, 
.983 
. 983 
.983 
.984 
.983 
.983 
.983 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 



In*. 

3 

3. 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 



Temeratnret. 



Out«ide. 









a 

e 



.J 



OF. 


OF. 


66 ,64. 5 




1 


67.5 


'65.5 





;69 66 



OF. 
104 
106 
106 
106 
106 
106 
110 
108 
108 
108 
109 
108 
108 



.69.2566.25| 112 

....' 110 

' 110 

-.- ' no 



169.2566.25' 110 
i , 110 



110 
110 



I 



2.5 ,68 65.25 110 



3 
3.5 • 

I 
I 

3 
3 ' 

3 I 

3 , 
3 



110 
110 
110 
108 
112 
112 
112 



a 

■e 
s. 

00 



.984 68.1 65.6 108.7 






I 



820 



820 



F. OF. 

410 

416 

414 

412 

418 

422 im, 

420 

420 

422 

414 

424 

430 

422 

42a 850) 

420 

426 

430 

428 

428 
I 424 
I 426 

420 

416 

412 

430 

420 

410 

416 

420 



815 



815 



420 818 



I 
I! 



I 



a 
I 

OD 



Lba. 
90 
97 
98 
90 
92 
92 
90 
90 
90 
90 
90 
90 
90 
92 
90 
90 
90 
90 
92 
90 
90 
90 
90 
90 
88 
90 
90 
92 
90 



91 



state of weather, overcast: drizxliuK, noon to 1 p. m.; raining, 6 to 7 p. m. 

Ban>meter at noon, 29.9t» inches. 

Draft opening into funiace. 800 square inches. 
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No. 20. — Test of oU fuel in a Hohenstein u^ter-tube marine boiler ^ October ;?7, J 90^, 
[8even hours' duration with 1-inch forced draft, using Oil City Boiler Works burners, under steam.] 



Time. 



12m 

12.15 p.m. 
12.30 p. m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p. m.- 
2.30p.m.. 
2.45 p. m.. 

3 p. m 

3.15 p. m.. 
3.30 p.m.. 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p.m.. 
4.45 p.m.. 

5 p. m 

5.15 p. m. . 
5.30 p. m.. 
5.45 p. m. . 

6 p. m 

6.15 p. m.. 
6.30 p.m.. 
6.45 p. m.. 

7 p. m 

Average .. 



a 

as 

o 

a 
S 

00 

a 
© 



o 
> 



Draft pressures. 



a 



Lbs. 
288 
290 
289i 
287 
286 
288 
287 
288 
283 
282 
285 
287; 
285 
283 
285 
290 
291 
291 
290 
289; 
285 
287' 
292 
287 
285 
287 
286 
286 
286 



1 
1 
1 
1 
.99 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1.03 
1 
1 
1 
1 
1 
1 

1.05! 
1 

1.02 
1 
1 
1 
1 



'i 

e 



0.7 

.8 

.8 

.8 

.78 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.85 

.82 

.8 

.82 

.8 

.8 

.8 

.87 

.8 

.82 

.8 

.8 

.8 

.8 



287 



.80 



a 

.C 
u 

c 
o 

*^ 
tB 

a 

o 



M 



.a 



d 

s 

00 



0.50 
.53 
.53 
.53 
.52 
.53 
.53 
.53 
.60 
.60 
.58 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.63 
.60 
.60 
.53 
.53 
.53 
.53 



0.20 
.27 
.27 
.27 
.27 



*>7 



.27 
.27 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.31 
.30 



—0.5 

- .5 

- .5 

- .0 

- .52 

- .52 

- .51 

- .51 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .0 

- .5 

- . o 

- . 5 

- . 5 

- . 5 

- .5 

- .51 



Flue gases. 




• 








x: 










k 








• 


s. 








s 


u 








o 


a 








A 


•^4 












COj. 


O. 


CO. 


E 

O 


CO 


P.ct. 


P.ct. 


P.ct. 


Lbs. 


Lbs. 













.0 

.30- .51 
.31- .52 
.30- .51 
.30- .51 

I 

.31- .51 



.57 



.29- .50 






8.5 



8.9 



Lbs. 




0.3 



9 



8.4 



9 



.1 



1,935 



1,938 



8.8 .1 



9. 4 8. 2 



8.9 



8.5 



8.2 



9 



1,973 







2,008 







.1 



8.73 



8.73 



2, 010 



1,967 



.10 



1,22219,726 



1,178 



20,712 



1,12621,615 



1,29521,948 



1,18922,124 



1,31121,209 



1,950 



1,969 



1,32521,826 



1,23521,309 



Deposit of carbon. 8 inches diameter opposite right burners. 

Temperature of oil in weigh tank, 65° F. 

Average pressure on oil ssrstem, 31 pounds. 

Total pounds of oil burned, 13,781. 

Total pounds of steam for spraying, 8,646. 

Total pounds of feed water, 149,160. 
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NAVAL ** LIQUID FUEL REPORT. 



No. 21. — Test ({fftilfiifl in a Unhemtein water-tufH' marine boiler ^ Sovtmher 14, 1902. 
[.*^von hours' iluratioii with natural draft, using Advance Oil Company's burner, steftm.] 





%. 

h 

x 

27n 
273 
273 
265 
275 
274 
275 
270 
269 
280 
274 
270 
274 
268 
270 
273 
272 
276 
276 
277 
270 
275 
275 
275 
275 
274 
275 
275 
275 


1 

1 

t 

if 
^ 

..» 
«^ 

X 

m» 

120 
! 120 

120 

120 

122 

118 

120 
, 119 
i 120 

120 

119 

120 

120 

119 

120 

122 

118 

118 
' 122 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 


Cal< 
Ti. 

° /'. 
404 
404 
40(i 
408 
408 
408 
408 
408 
402 
40(i' 
406 
406 
406 
404 
406 
406' 
402, 
406' 
408, 
404 
406 
404 
406 
40(i 
406 
408 
40fi 
408 
406 


)rimett 
T«. ■ 

"■' F. 
304 

:^2 

302 
302 
302 
302 
302 

:^2 
:W2 

302 

:W2 

304 
302 

:i02, 

302 
302, 
302 
302i 
302 
302 
302 
302 
302 
302 
302 
302 

:u)i 

302 
302 


,1 : 

1 ■= ' 

ik 

Q. '^ 

>^ 
. /«<«. 

0.983 3.0 
. 982 2. 75 
.9811 2.75 
980 2. 75 




Temperature. 




• 


1 

i 


Out*iide. 1 


* 

f 

c 

< 


•s 
E 

u 

p 

mm 


• 

\ 

1 
i 






Time. 


• 


■ 

5^ 


a. 


9.45 a. m.. 

10 a. Ill 

10 15 a. Ill 


'5i.'5 


OF, 


OF. 

70 
69 
71 
75 
71 
74 

77 
74 
74 
75 
74 
74 
75 
76 
80 
76 
78 
80 
82 
84 
82 
82 
83 
88 
82 
81 
84 
90 
90 


OF. 

310 
315 
310 
304 
299 
312 
300 
308 
304 
320 
324 
324 
326 
336 
320 
318 
320 
326 
326 
326 
326 
324 
334 
330 
230 
324 
342 
332 
340 


"iio 



"620 


94 
95 

88 


10 .30 a 111 






90 


10.45 a. Hi- 
ll a. Ill 

11 15 a m 


.980 3.0 1 i 

.980 2.75, 53.0, 51.75 
980 2. 75 


89 
87 


11.;^) a. 111. 
11.45 a. m. 

12 m 

12.15 p. 111. 
12.30 p. m. 
12.45 p. 111. 

1 p. Ill 

1.15 p. III.. 
1.30 p. 111.. 
1.45 p. III.. 

2 p. m 

2. 15 p. Ill . . 
2.30 J). III.. 
2.45 J). 111.. 

3 p. Ill 

3.15 p. III.. 
3.:^ p. 111.. 
3.45 p. 111.. 

4 p. Ill 

4.15 p. in.. 
4.:^) p. III.. 
4.45 p. in.. 


.980. 3.0 
.982' 3.0 
.98l! 3.0 
.981j 3.0 
.982 3.0 
.981' 2.75 
.982j 3.0 
.981 2.75 


'56.'(V54.'6' 



'58.'b '55.*6" 


• * • * • 1 •m.r'^^ 

1 90 

' 88 

640 90 
\ 90 

: 90 

"'670 90 

: 90 


.9811 2.75 
.982 3.0 
.981 2.75 
. 980; 3. 
.982 2.75 
.981 2.75 
.982 2.75 
.981 3.0 
981 ' 2. 75 




i 90 


1 
'62.'5, '57.75 


' 90 

6:{5| 90 
90 






«o 




..... 90 


63.5 58.25 


645 92 
93 




1 92 


.981 2. 75 

.980 2.75 aS.O 59.5 
. 980 2. 75 

980, 2 75 


84 

640 90 

«1 

' 91 


. 981 2. 75 


91 


Avt»rajjo .. 


273. 


4 119.9 






.981 58.2 55.3 


78.3 


321 


640' on 













Total pounds of oil Imrm'd. 7.517. 

Total jKMinds j»f ^tcain for.».pniying, 7,237. 

Total {MMiiidM «»f wattT. HI.'MWI. 

Awrago draft iiri'SHuro in furnacr. — 0.i:}3inch. 

State t»f weatlHT. heavy mist until 10.:JU a. m., then light mist. 

Baroniet<'r at in>on. \y^:2!.\ inch«'s. 

Dnift o|H'iiing into fiiriiucr, s. tr> to 10.45. 2tH .iKiuaro inches; 10.4.'> to 11.45, 242 nquare inches; 11.4& to 
4.45. t;«iH Mjimrc iin'h«"»: avmigr. 5«"»9 s<iuare inches: 5.15 a. m.. starte<l fires under main boiler: 6 ft.'^m., 
auxiliaries drivfii fn>in main iMiiltT; (i.l.'ia. m..275 inmnds pressure in main boiler; 8.10to8.1S, nhiii 
off burners to ovt-rhaul cal<»rimctcr: x. 15. iM'gan taking <lata; 9.45, official test starts. 

TemiK»rature of oil in w«Mgh tank. 51''- F. 

Pressure on the oil systrm. Ii5 iHtund^i. 

The iMiiler has l>eeir thoroughly wa.'>hiHl out and the outside of tubes scraped with wire bnuiheii to 
n'in»»ve M»ot. 

The burner d<H>s not sprny th(> oil sufllciently to prrxluce a jet in which the combufltion Iiiiielfinip> 
p)rting. In starting fln>s it was ne<'es.Har\' to keep a piece of burning oil soaked wvite in front of each 
oumer for at least a half hour, during which time th(> oil bume<l on the fl(x>r of the fnmace near the 
Imck wall. Th«> brick lining wouM then be sufficientlv heated to ignite the oil in the Jets by radia- 
tion. There was very little cumbustiuu in the front haff of the furnace. 
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a Ifoheiiglein ifoter-liilie mariiu boiler, November 14, 190S. 
I tiatnraL dnifl. UHlng Advatice OIL Company's buraer, eteam.] 

I niit' gii»»<. I 

-1 







I.r,...pr.«u.., 




nil,. gn-Hw. 




1 

1 


Tiilx.chiimlwr, | 


S 

- 

1 




Tline, 


III 
1 1 1 ■ 1 


CO,, o. a 



10. 15 a. r 
10.30 a. I 
10.45 a. 1 

11.15 8."r 
11.30 a. I. 
11.45 a. r 
12 ni.... 
12.15 p. I 
lli.30 p. I 
12.45 p. 1 
1p.m.. 
1.16 p. Ill 
1.30 p. m 
1.45 p. Ill 
2 p.m.. 
2.15 p. til 
2.30 p. m 
2.45 p. in 
3p.m... 
3.15 p. ni 
3.30 p. Hi 
3.45 p. m 



4p.i 



op. 



.22.1- .25 - . 



- .20 - .22 - .3t 



- .20S~ .235- .:W 

- .20 ~ .22 - .37 

- .20 - .22 - .37 



- .21 .- .24 |- . 



- .21 - .24 - . 



- .21 - .23 - .3S 



- .21 - .22 - .37 



4- .210- .2:i3- .383 



,4 d.S |0,H ■ 



H. 2 *. 4 
S.'2 JB.'6 



.1,0751,10111,* 



.1,1471,14812,5 



Isij L"i!"!;"^!i,"i6^'"966i2.'798 

.52 H.O H.2 :0.1 ; I 



- .52 ....|....l |l,0:W 92512,180 

- ..50 I7.7 j«.3 |0.1 ' ' I 

- ^50 '.'.'.'. '.'.'.'. !!!!!"!!! !!"!!!""' 

- ,.">0 I.IXW; iKMll,523 

.5257. W}«. 27 . 0:t.'> 1, 074'1, 034 12, 138 



m rrquirvd ccinlinunl adjiisi 



e probably I 

„ — at a presauro. Aalighlli 

pressure being cunslanl) has the nflvcx of Ilimlllliig the oil. v 
even KliRhily. tht-oll isvjeeted in Rulp^ Wltb35pi>undB pra 
andbolliolf and sleam valves wltlHOpen, nooll Iflcli^c^ird fr 
Ihrotlle the eluum eon:<iderab1>-. probably until 
Dearly that ol the oil, thua H wtlHladonr adjuBli 

spraying was reduced below B per cent of the 1 

There waH no apparent effecl due to (hcrlflliiRuf the burner ori Hi 



the fact that tbc oil in the burner 1b 

reaxeLnllie pressure of the aceani 10II 

oil. oiillc it the Kleam presiure be reduced. 

a preaaarenn Ihe oil and W) pounds of iteani 

cd from the burner. It is then nccewary (o 

Ifl^ull. 

> foimd that If the amount of sl^am used for 

porated (he Kpray became so ciiarie that oil 



Itiapml 






The )« pi 
Ther. 






in thu fur 



146 



NAVAL '* LIQUID FUEL" REPORT. 



No. 22. — Tut of oil fuel in a Hohenstein nxitn-inhe marine boiler, November 17, 190t. 
[Eight hours' duration with natural draft, U8ing Advance Oil Company's burner, under «lr.] 





00 


• 

o 
2 

9 
t 

a 

118 
118 
116 
120 
118 
118 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
122 
120 
118 
120 
120 
118 
120 
120 
120 
120 
120 
120 
123 
118 
118 
120 
120 


("alorimeter. 


i 

9 


Temperatnre. 






T,. 


T,. 




Outside. 


• 

6 

«3 

a 

U 
< 


• 
M 

1 

1 

C 


1 

< 


• 


Time. 


Q. 


C 

t 

if 
X 


• 


• 


1 

1 

o 


9.30 a. m.. 


Lb9. 

275 
275 
275 
275 
275 
275 
275 
276 
275 
275 
274 
273 
273 
274 
275 
275 
270 
270 
274 
270 
271 
279 
273 
275 
270 
275 
275 
275 
270 
272 
270 
275 
275 


404 
406 
407 
406 
408 
408 
408 
408 
406 
406 
406 
406 
404 
406 
406 
404 
402 
402 
402 
406 
402 
402 
406 
404 
408 
406 
406 
408 
404 
404 
406 
406 
406 


308 
309 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 
30S 
308 
308 


! Ins. 
0.985, 3 
.985 3.25 
.984' 3 
.984 3 
. 983 3. 75 

.983 3 

.984' 3 
.984- 3 
.984. 3 
.984| 3 
.985, 3 
. 984' 2. 75 
.984 3 
.985, 3 
.986! 3 
.986 2.5 
.986, 2.5 
.984. 3 
. 9861 2. 5 
.9861 3 
.984 3 
.985 3 
.9^3 3 
.984! 3 
.984, 3 
.983 3 
.985' 3 
.985; 3 
.984, 3 
.984 3 
.9841 3.5 


OJt 


T. 


74 
78 
76 
78 
78 
80 
78 
88 
80 
80 
80 
80 
82 
83 
84 
84 
84 
84 
84 
84 
81 
81 
81 
84 
84 
84 
84 
82 
82 
81 
82 
80 
85 


"56 

"56 

'*56 

"*56 

*"56 

"56 

"d6 

"'56 


238 


o/l 


9.45 a. m.. 


I 


256' 


10 a. ui . . . 
10.15 a. m. 


53.5 50 


26d 650 
258' 
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It may he of interest to note the amount of steam required to work the Rand air 
From a serien of special tests made with these compressors it was found that it reqoired aSoat Wbkl 
I. H. P. to work the compressors at the sf)eed made during these experiments. The erapontiTe 
water consumption, therefore, appears as follows: 85.7 I. H. P. x 34.5 » 1,231.5 pounds of fltcamooo- 
Bumed p>er hour by compressors. 

State of weather, misty and cloudy. 

Barometer at noon, 30.16 inches. 

Draft openings into furnace: 8.30 to 4.30, 358 square inches; 4.30 to 5.30, 448 square inchei; 
869 square inches. 

4.45 a. m., started fires in main boiler: 6 a. m.. auxiliaries driven from main boiler; 6.16 i 
pounds pressure in main boiler: 9.:M) a. ni., test begins. 

The notes on the run of the 14th instant apply for the most part to this test as well. 
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No. 22.— Tlwl oj oilftul in a HohmOein u-attr-itihe marine boiler, Novembfr 17, 1901. 
[Eighl houra' duration with aatunl ilrmtt. usinR Advance Oil Compani-s burner, under dr.] 





Dr»It pTMSUPM. 


1 


i 

E 


1 
I 








j 


1 


Tube chamber. 


! 


1 




"" 




1 


1 
I 

1 


9.30 «.m ..1 














94 
96 
84 
86 
87 
92 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
9tf 
90 
90 
90 
90 
90 





0' 




























0.125 




























1,089 


12, 472 
























.125 

::::: 

..... 

'.'125 
..... 






-0.13 

- .13 

- .13 

- .13 

- ;i3 

- .13 

- .13 

- .13 

- .13 

- .13 

- .13 

- .13 

- .13 

- .125 

- .12 

- .13 

- .13 

- .13 

- .13 
~ .13 

- .12 

- .12 

- .12 

- .12 
- .12 


-0.23 

- .23 

- .23 

- ,23 

- .23 

- .23 

- .23 

- .23 

- .23 

- .23 

- .23 

- .23 

- .23 

- .23 

- .23 

- .22 
" .22 

- .23 

- .22 

- .22 

- .22 

- .22 
~ .22 

- .22 

- .22 

- .22 


-0.22 

- .21 

- .21 

- .21 

- .21 

- Jl 

- .21 
~ .21 

- .21 

- .21 

- .21 

- .21 

- .21 

- .20 

- .20 


-0.24 

- .24 

- .24 

- .24 

- .24 

- .24 

- .24 


-0.40 

- .40 

- .40 

- .40 

- .40 

- .40 


-6.51 

- .52 

- .62 

- .54 

- .52 

- .52 

- .62 

- .52 

- .61 

- .51 

- .51 

- .51 

- .61 

- .51 

- .50 

- .60 

- .51 

- .51 






11.30 a.m. 
n.46a.ni. 


1,115 


12,436 


12.15 p.m. 
12.30 p. m - 
12.45 p. m . 

Ipm 

1.16 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2p. m 

2.15 p. m . . 
2,30 p.m.. 
2.45 p.m.- 

3p. n. 

3.15 p. m . . 
3.30 p,m.. 
3.45 p. m . . 

4p. m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p. m . . 

6p. m 

6.15 p. in.. 
5.30 p.m.. 






1,129 


13,102 






- .24 '- .39 

- .23 ',- .39 

- .23 - .39 

- .23 - .39 

- .23 - .39 
- .23 - .38 

- .21 - .37 

- .23 .- .39 






1,057 


12,466 










1,063 


12,614 






- .20 - .23 - .38 

- . 20 ;- . 23 - . 38 

- .20 - .23 i- .38 

- .20 - .23 - .38 

- .20 - .23 1- .38 

- .20 - .23 '- .38 

- .20 - ,22 - .38 

- . 20 - . 22 ,- . 38 

- .20 - .22 1- .38 


1,028 


12,207 


- .51 1 .125 

- .51 

- .51 ! 

- .52 : 

- . 62 . 126 

- .52 ' 

-■•'^2| 










1,074 


12,417 










1,121 


12,780 


Ave™«e... 


-.,2. 


,- .225 


- .205 


- ,232 


- .38fi 


- .514 


.126 


90 


1,084.6 


12,562 



n boiler lo driTe Ibe a: 

„ as no deponll nl carboi 

..JT wall of the furnace waji white bot and era 

ludfcatlng a local heat greater than that onlln aril y dt 
Percent of One easea: Appaniue broken. 
Total pound! DlfbnniHl. 8,CT6. 
Total pounda water. 100.493. 
Air preiBUre lor aprayiDg, S6 pounda. 
Pressure on oil srsMm, ^ pounda. 



mbuatlon In the jet in nelf^unportlnK when 
t be used In Ihe bumen until there is nuffl- 



14K 
N... ■s\. 



NAVAL "LIQUID FUEL 'REPORT. 



■tiilit Tnarinf boilrr, Xoifmbfr S8, ISOS. 



4as! :ii(il .gsft ; 

4tU<| .tin .9K5 'i 

4(trt, ;«ts' .iiM ; 



■uw*! ai(V 



■uw: SlU' .»85 

4(»s :iio .ass 2 

4tts. :iu> .»« 1! 



■iic^h 


.r»de^,ilbu™ 


er.rteM..] 




Trn,p.r,.ur... 




t 










ri 


1 

i 




J 

1 


l| 


1 


= 


f 1 ' 


f 


E 


i 


i 






1 


•» 


374 


....■ Sft 


ss 


6H 


4B 37^ 


710 


89 


65 



n 



370; 710 90 



n 4.^«. I 



xn tEao se 



4i>H a>S ,AM -J.' 
4iw :!iti .wi;i -J.? 



%S (V4t W! 



OIL TESTS. 14» 

T&.—Tesl of oU pitl m <i Ilolieimtdn imter-tube marine boiler, Xovember S8, IMS. 
[Eight hotini' duralluii with naturul ilnfl. uning Branth cnule-oll bumvr. Hleam.J 
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No. 24. — Test of oil fuel in a Uohenstein nxUer-tube marine boiler, December 1, 190t, 
[Four hours' duration with 2-inch forced draft, using Branch crude-oil burner, fteun.] 
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state of weather, partly cloudy to clear. 
Barometer at noon, 30.10 inches. 
Draft opi'ningH into furnace. 470 square inches. 

7 a. m., started tires under main boiler; H a. m., auxiliaries driven from main boiler. 8.16 
pounds pressure in main boiler; 10 a. m., started forced draft; 11.15 a. m., test begins. 
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[Poor houn' dtinKon wiCb 2'lnch forced dnft. usinK 
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\e boiler, December I, I90S. 
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No. 25.— rr«/ «/ oil/ufl in n lltihrialtm ii^fr^ubt marine boiltr, December J, lOOS. 
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OIL TK8T8. 
No. 25.— Totf of oa/ud in a HoliennUhi iraUr-liibe ntari 
(Thie« hoiin' iluisllon with 2-inch fum-*l drnll. usiiiK Bmi 
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No. 20. Tful It/ oil furl in n Hohfimtnu uuUff'tuftf marine ItoiUr^ December 4i 1909. 
IKoiir liiiiirN' fliirntlitii with 'I Inch forciMl ilrHft, unIiik Branch crudeH>ll burner, air.] 
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4(V8. 
4a*4 
410 
4iV8 
4(Vi 
4lVi 
4l>S 
4iVi 
4i¥^ 
4i^ 
410 
44^ 



:u)i 
:UH) 
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:w 

SiX> 

.^x> 
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,^x> 
:^x> 
,^x^ 
;^x^ 
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9 


1 





^ 
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5 


1 


1 
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0.070: 2.25 

. 078' 



. 079' 
. 070 
.070 
. 070 

.on> 

.078 
.070 
.070 
.070 
.070 
.07^ 
.0!^> 
. «•# «• 
.OTv^ 
.07^ 



2.r> 

2.5 
•» 5 
*> 5 
2. 5 
2. 25 
2.5 

». M 
•> ^ 

»> R 
». t* 

•> R 

IB. <■ 
»> R 

o t 

I. 75 



46 



81 
80 
80 

80 

80 ..... 

80 

80 
70 
70 



46, 



Of. 

332 
336 
340 
330 



°F. 



I 



53 



... 52 
720. 53 
... 52 

3301 53 

53 
60 54 

342 53 

342 53 

o34 • . •• . m3 



332. 

336J 7( 



8o!.,.. 

8l>! 46 330 740 53 



8i^ ..... «S«rl ..... vw 

78 334 54 

81 1 33S 53 

SI 4d 332 53 

81 ■ 31S 53 

80 1 316 53 



;.*7fv? UXV2 07^ 



|VM«U\1» l>n*«%uiv on mAin Kx)tor. 10 a ra. >urs«>.! f.vr^ dr^: 11 a. i 
IVmiv ih\^ u-^t Iho Kvlor h*«l Nvv. Ki*«r. *5.»wt: half a fr^aw 



Sia<i'*\( >N«>nhot. h«>i\x miM. 

IVirxNiiM^U'r a I tu^Mv :^\ iM \iu*ht^ 

l^mil **|v«\us tui»» i>ir«a*v. t5^» j^j*,»?v '.Ti^-he*. 

T A m . Man<sl rtt>>« umtor ma:n Nv.'.or < a si a:xx:'iarii;^ dnrec fn«i mais ^ccjcs" K3i>«L 

a:>l ;be ««nk 
rrntt^wnl . fh** ha«l mo*l<Hl aihI x-^Li^l :o * if7>.;h o-: J icoiK* aad li>e tArtix on 
ivkI hoi ovfhuvn h>Hir> alter iho Isir.-.cw «>frx < jLnzj'.^2Si^«0. 



E 

s 

lb. 



1 



Urn, 
49 

49 

49 

50 

49 

49 

50 

49 

49 



^> 46 333 740 53. 1 «£ ± 
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No. 26. — Tfst of oil fuel in a floliewiteia irdter-tahe marine hoiler, December 4j 1902. 
[Four hours' dnmtion with 2-inch forced draft, using Branch crude-oil burner, air.] 
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X 


Z Ui 




Lbs. 




1 


1 

IJm. Lbs. 


1 1 a. m ! 


m 




1.6 




i 1.10 0.95 0. 


25 


0.42 




387 








11.15 a. m ., 


30 


2 


1.6 




l' 1.05 .9 . 


27' 


- .42 




378 






11.30 a. m . 


30 
30 
30 


2 

2 
2 


1.6 
1.6 
1.6 




I 1.05 .9 

I 1.03 .9 - . 

i 1.03 .9 

1 


26 
27 
27 


- .42 

.42 

- .42 


0.75 


382 
380 
383 






11.45 a. m .; 


. . . J . . 




12 m 


1,722 


16,876 


12.15 p.m. 
12.30p.m. 
12.45 p. m. 
1 p. m 


30 
40 
40 
40 


2| 
2 

2i 
2 


1.6 
1.6 
1.6| 
1.6 




I, 1.10 1 i- . 
11 .9 ' . 

1 
1 1.1 1 - . 

1 1.1 1 -- . 


1 
27 

27 

27 

27 


.42 
.42 

- .42 

- .42 


..... 


384 
383 










3a5 
384 






1,885 


18, 275 


1.15 p.m.. 
1.30 p.m.. 
1.45 p. m.. 
2 p. m 


40 
40 
40 
40 


2' 

1 

2 
2 
2 


1.6| 
1.6; 
1.6 
1.6 




I 1.1 1 - . 

Li 1.1 1 ' . 

I 1.1 1 

I; 1 1.03 - 


27 
27 
27 
26 


.42 

- .42 
.42 

- .42 


1 


384 
385 










388 
' 390 






l,905|l8,388 


2.15 p. m.. 
2.;^ p.m.. 
2.45 p. m.- 
3 p. m 


40 
40 
40 
40 


2 
2 

2 
2 

2, 


1.6 
1.6 
1.6 
1.6 

1.6 


1 


1 1 


1.02 


.27 
.27 
.27 
.27 


.42 

- .42 

- .42 

- .42 


! 


387 
385 
385 
385 






I 1 1.02 - 
l' 1 1.02 - 
I 1 1.02 










1,728 


17,036 


Average .. 


36.5 


1 1.05 .974 


.268 


- .42 


.92 


384 


1,810 


17,644 

1 



Deflectors were placed in the a-sh-pit openings to direct the entering air upward. Only four burners 
were used, the two side burners being idle. The feed water during tne test was" very muddy. 
There was a deposit of carbon 14 inches in diameter on the left side wall of the furnace. 

Total pounds oil burned. 7.'240. 

Total i)Ounds feed water, 70.575. 

32196—04 11 
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No. 27. — Test of oil fuel in a HohentAein miter-iiihe marine boiler ^ December 5, 1902, 
[nve houra* duration with 2-inch forced draft, lining Branch crude-oil burner, utettin.] 



Time. 



11 a. m 275 

11.15 H.m.. 275 

11.30 a. 111.' 275 

11.45 «,m. 275 

12m 280 

12.15 p. m. 274 

12.:»p. m. 275 

12.45 p.m. 274 

1 p, m 275 

1.15 |Km.. 275 

1.30 p. m.. 275 

1.45 p.m.. 275 

2 p. m.... 275 
2.15 p.m.. 276 
2.,Wp. m., 275 
2,45 |Km,. 275 

3|v \\\ 275 

^15 p. m,. 275 

a.:^>p. m.. 276 

5.4?»p. m.. 275 

4 p m 27S 



I 

O 

t 

s 

H 



° r. 
113 
100 
102 
108 

93 
100 
100 
102 
102 
103 
103 

96 
103 
103 
la) 
101 
103 
104 
103 
ICO 
104 



Calorimeter. 



T,. 



T,. 



I 

I Hi 

I ■** 



.a 



Temperature. 






3000.979 1.75 
301 .980 2 
301 .980 ' *^ 



408 
408 
408 
408 
406 
408 
408! 30i; .980 



301 
300 



.980 
.980 
30i: .980 



408 
408 
408 
408 
408 
408 
408 
408 
4<>8 
408 
408 
408 
40S 
409 



I 
300 .979 2 

300| .979 

300[ .979 

300j' .979 

300, .979 

300' .979 

30iV .979 

30l> .979 

3lX^ .979 

AX> .979 

30l> .979 

3lX> .97V 

:xx> 



;xx> 



979 






1.75 

1. 75 

1. 75 

1. 75 
2 

1. 75 
1. 75 
1. 75 
1. 75 
1. 75 
1.75 
1.50 
1. 75 
1.75 
1.75 

1.75 
1.7.^ 
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^ I 
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c 

Z I 
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g 
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70 

70' 



70 40 
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72 



72 



72 



73 



40 



72 



72 



72 



72 



« m. 



40 



f 1 ..... 
73 41^ 






73 









74 
74 



4<» 



382 850 

390 

386 

386 

:^) 8911 



37S 



91 
90 
90 
90 
92 
93 
92 



a 



c 



OF. 


OF. ' 


Lb9. 


370. 


• • « * 


90 


372 




89 


372 


800 


88 


374. 




92 


378 




93 


376^ 




90 


376! 


79a 


92 


372. 


1 


94 


384'. 


.... 


90 


374" 




92 


374 


810 


90 


378. 


• • « « 


90 


378. 




90 


372. 




90 



55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
i>5 



Awnbs* .. 2:5,4U>J.C^ 97^'^ 






40 37^ 816 90.9 55 



i!;atr .■«: mr*li>^r. wri aiul 5nowir»j:. 
Rfcr,^r.>r;« r at i>*x^r.. » W inches, 
l»ra:; .«;h ■:■.". r^ -.r.to f u.raaoc. ^A'» *:-.iare iuv-hcs. 

T a ir. . icarhxl f.rw r.ndiT Tna:r. Nv.l*r. * «?> a. t:i . •■.;\;".:*r.f* <ir.Tis :?\>ea 
^-vtkVi T*w»;-.T»f :n r:Mk:ri K>t;cr. '.^^ a. m . «art*^! f»'*r\'^\i *!:»:: *.I a. rr.. ;rt« 
TW4.trt rwr.v-rauir ;~» :<5«s the NmUt wa> Mo»^ ^!.»:i ^dk.I: a pUstK. " 



:»a.m.. 



OIL TESTS. 

No. 27.— Tert of oU fuel in a Ilohenttnntmter-luhe m 
[Five boars' iliiislioii witb •l-iocti forced draft, wdag Bn 



11.15 B.i; 
11.30 a. D 
11.45 a. r 

12 m 

12.15 p. [ 
12.30 p. r 
12.45 p. t 

1.15}i. m 
1.30 p. ra 
1.4.^ p. rn 

2 p. ID.. 

2.16 p, m 
2.30 p. m 
2.45 p, m 
3p. ra.. 
a 16 p, m 
3.30 p, lu 
3. 45 p. in 
4p, m.. 



1.0 I 1.0 - .26- 
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boiler, December S 


I90t. 


rude-oil burner, neau 


.] 
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1 

i 
i 


M 1 


.". 


364 

z 
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Lbi. 



Lbt. !}\t. 
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2.188 


1.318 20,787 









.25 
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1,05R20,774 


370 
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2,020 1,220 20, 1»4 






2,123 1,185 20,861 


.25 »70 
1 372 






2,069 


1,160 20,878 



.S7- .26- .43 .351 



I 2,0B6i 1,188'20,699 



The teod WBU 
Draft preautL _ 

Tola) pounds ol 
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No. 2S. — Text of oil fuel in a JIohtnMeit} tnitrr-tnht' marine boiler, J)ereml*er (J^ 1t*02, 
[ I'wo lioiirs' (liimtiim will) 'J-iiu-h fon^'d dnift. uslnj: Bnimrh (rnide-<>Il buni«»r, air.] 
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11. 15 a. in. 27r> 

11.80 a. m. 270 
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4(M>| 
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TemiKTHtiin*. 
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77 1.75 ()8 



75 1.75' 68 
77 1.75, 70 
70 
77 1.75 



77 2 
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79' 1.75 
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r. 
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300 
314 

310 
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31 : 394 715 
296 



\ 
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70.4 31 310 733 



o 



74 
74 

i 

75 
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to 

.J 

75' 
75 



<n 






49 
49 
49 
49 
49 
49 
49 
49 



49 



stale of wi-atluT. heiivy mist, then «*learing. 
Bannneter at noon. :i0.:i6 inclu'.s. 

Draft oiH*ninjfs into furnace. 6t>«) wjuare inches until noon, then 672 Mjuare incheff. 
7 a. m.. started tires under main JM>iler: 7. 15 a. m.. auxiliaiicK driven irom main boiler; 8 a. m., 275 
poinids pressure in main boiler; 10 a. m.. started foree<l draft; 11 a. m., test beginx. 



OIL TK8TS. 



159 



Xo. 28. — Test of oil fuel in a Jlolieimtein wiUer-lahe marine boiler^ December o\ JffOJ. 
[Two liours' dumtiou with 2-iuch forced dmft, using Branch crude-oil )>urner. nir.] 
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11.15 a. m. 
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l.() 1 
1.6 1 
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.3 
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11.45 a. m. 
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1.(5 1 


1 .95 
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1 , 945 19, 406 


12.15 p. ni. 
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1 .95 


.3 


- .38 
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12.30 p. in. 


35 
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1 .95 


.3 


- .38 
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12.45 p. m. 
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1.6 1 


1 . 95 


- .3 


- .38 
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12.55 p. m. 


















1,75218,398 
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Average .. 


35 


1.6 


1 


. 95 


.29 


- .38 


.63 


370 


1,84818,902 



Feed water very muddy. The lx)iler w»lm blown down " half a glass " before beginning test. Also 
two of the burners were taken down and cleaned, Tiiey had become clogged with packing, probably 
from the gland on the oil regulating valve. 

Test was stopped at 12.55 p, m, on account of accident to air compressor. 

Total pounds oil bunied, S,f»97, 

Total pounds feed water, 37,804. 
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No. 29. — T&it of oil fuel in a Jlohenstein water-tube marine ItoHery January /, I90S. 
[Four houre' dumtion with 2-inch fonHKl draft, uaing Best crude oil burner, steamuj 



Time. 
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1 


H 




1 



Tempemture. 
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° F. ' 


°F. 


6.45 p. in.. 


275 


96 


404 


6 p. Ill 


275 


100 ' 

1 


404 


6.15 p. m.. 


275 


96 

1 


404 


e.JWp.m.- 


275 


1 
90 


404 


6.45 p.m.. 


275 


100 


402 


7 p. m 


275 


92 ' 


402 


7.15 p.m.. 


275 


92 


402 


7.30 p.m.. 


275 


94 


402 


7.45 p. 111.. 


275 


102 


402 


8 p. m 


275 


100 


402 


8.15 p. in.. 


275 


88 


402 


8.30 p.m.. 


275 


88 


402 


8.45 i». m.. 


275 


100 i 


402 


9 p. m 


275 
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9.15 p. in.. 


275 


94 


402 


9.:i0 p.m.. 


275 


n^ 1 


402 


9.45 p. m.. 


275 

1 


92 


402 


Average .. 


275 


94. ♦> 






state of weather, misty. 
Barometer at noon, 30.:t inches. 

Draft oiH»nIn>f into furnace, 4 ^) ;i :_: -= 77rt .square inches. 

Boiler under 275 pounds from iTa. m. until 12.15. when shut down on account of trouble with water 



gaiiire. 
Blew down l>oiler 1 glass at 1 1>. m. 
4 p. m., forced <lraft put on. 4.45, starte<l under full test conditions. 



OIL TESTS. 16] 

). 29. — Tf>t of oil fuel in a Iloherutan ivater-lith^ mariiu boiler, Janvary J, I90S. 
(Fuur houn' duration wlih 2-lncb lon-ed dnit. uHtii« B«t crude oil bonier. n«un.) 
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i 


5.45 p, m. 
6p.m... 
6.15 p.m. 
6.30 p.m. 
6.45 p.m. 


I.O 
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1.0 
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' 1.0 
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379 
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7.aOp.m. 
7.45 p. m. 
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9p.m... 
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2,0« 
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Average . 


i.d 


1.0 


1.0 


.2 


- 


4 


6,9 


11.9 


.33 


383.3 


2.040 


66f 


20,424 



S.tl. test record! aioumed to begin, but had beeu I 
Temperature of oil In neigh tank. 96° F. 
I't^amre on oil i<>*«t«m. SO pound*. 
Draft pressure In nreroom. 2 inches. 



U4.tt. «.«. tcM cooclDdad. 



162 



6 fc 
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NAVAL '* LIQUID FUEL REPORT. 



No. 30. — Ti'ftt of oil fuel in a ILthcm^tein irater-t uhf marine hoilcry January 3 ^ 190S. 
[Six hours' diimtion with l-inch forced draft, iL»jing Best crude-oil burner. Ktcam.] 



Time. 
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be 



P 

I 

e 



11.30 a. 111.275 
11.45 a. in. 27.", 

12 111 275 

12.15 J), in. 275 
12.;^)l». m.275 
12.45 1). in.273 

1 p. in 275 

1.15 J), ni.. 275 
l.:^I). ni..275 
1.45 p. in.. 275^ 

2p. ni 275 

2.15 p. in.. 275 
2.30 p. m..274 
2.45 J). in..270 

3]). ni 275 

3.15 j>. ni..i275 

3.30 p. ni..275 

I 

3.45 p. 111. . 275 

4p. ni 275 

I 
4.15 J), in.. 275 

4.:^) J), in.. 275 

4.45 p. 111.. 275 

5 p. in 275 

5.15 p. m. . 275 

5.:U)i). ni..275 









o 

a 



98 
110 

98 
110 
118 

93 
110 
110 
108 
108 
102 
100 
104 

96 
118 
115 
115 
118 
100 
102 
108 
100 
108 

98 
110 



(.'aloriinetor. 



To. 



404 
404 
404 
404 
404 
404 
404 
4(H 
404 
404 
404 
404 
404, 
404 
404' 
404 

4m 

404 
404 
404 
4(M 
404 
404 
4(M 
404 



■I 
•J. 






a 
Is 



be 



Tcinp>enilure. 



Inside, 



a 

s 






21K)'o.975 1.25: 



¥. 



F. 



° F. 

80 

82 

80 ! 82 

82 

' ' 82 

1 

1.5 ' 84 

292- .978, 1.75104.75 80 , 84 
292' .9761 1.5 ' 84 

84 



290| .975,' 1.25; 

292j .970' 2.0 ,104 

292 .976 2.5 

292' .976' 2.0 

I 
2f)2 .976 



292' .9761 1.5 



I 



292 .976| 1.5 .... 
2Si2\ .976 1.75105 
292i .976,' 1.75.... 



I 



292, .976; 1.5 



82 



84 
84 
84 
85 



292' .976 2.0 ! , 84 



9761 1.5 



2^)2 .976' 1.5 ,103 

•Mi') 

292 
292 
292 



79 



976; 1.75 

976' 2.0 

976i 1.5 KM). 5 82 



2t)2 

292 
292 

2^»2' 

I 



84 
84 
84 
84 
84 
84 



976 1.5 

976, 2.0 ' 84 

976| 2.0 ' ' 84 

976, 1.5 112 ' 84 ' 84 



976 1.5 84 



976' 1.5 

I 



84 



S 
a 

i i 

X 



OF. 
410 
410 
410 
412 
410 
406 
412 
408 
408 
406 
408 
408 
408 
410 
404 
406 
398 
398 
406 
408 
4(H 
400 
410 
410 
408 






-5 I 



f 

c 



a ,2 



F. 



695 



lOO 



1 



680 



680 






1670 



700 



90 
90 
IM) 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 

90 
90 
90 
90 
90 
90 



AvcraL'e . . 274. ()8 106. 2S . 



97(v 108. 8 81 . 1 83. 56" 407. 1 687. 5 90 



Stwte of weather. oven*ast: heavy fojj. 
Ban)meter at noon. jy.tW inehes. ' 

Draft ofR'niiiK into furnaee. 4 TO 3 :_J ^ ~l(i .Mjuare inches. 

Started tires in main boiler at 7 a. m.: 27.') iMiuiids pre.><sure in main boiler at 8 a. m.; itarted foiled 
draft at *J.'A) a. m.: .started te^t reconis at 1 1. 30 a. m. 
Temperuturc of oil in weigh tank, 32^ F. 



OIL TESTS. IbJ 

Xo. 30.— Ten! uf oil fuel in a IIoliettMein >ciUer-tube Hiarine boiler, January S, 190S. 
[Six bouni' duraiian wiili 1 1nch luKaX diufl. uhIiik Br^I irudt'-oll )>urntr, fitram.) 



11.30 a. n: 
11.45 a. n: 

12m 

12,15 p. K 
12.30 p. a 
12.45 p. ir 
1p.m.. 
1.15,.. I 
1.30 |j. I 



.45 .45- .05 



.45' .45- .05- 



.45, .45- .05- 









s 












1 













.5 
.5 


7. 9 10. 1 

1 














.5 7.fl 10.0 


0.3 


.5 





1,807, 7!t31ii,806 



771 83l).IK,768 



2ip.r 
2.15 p. m.. 
2.30 p. 111.. 
2.43 p. u 

ap.w.. 

3.15 p. 11 
3..'i0 p. 11 
3.45 p. ,1 

4 p.m.. 

4.30 p. II 
4.45 j.. n 

5 p.m.. 



.45. .4.5- .05- .5 -i 



.45 .45- .05- .5.. 



.45 .45- .05- .5.. 



6.30 p. I 
Average . 



.5 7.8, 10.5 



1,650 8101T,»25 



ill f^ftttTU. 30 pounds . 
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No. 31. — Te*t of oil fuel in a Hohenstein waJter-lnhe marine boiler^ January 5, I90S. 
[Four hours' duration with 3-ineh forced draft, using Best crude oil burner, under steam.] 



Time. 



u 

u 

I 

a. 

a 

t 

XI 



I .. 



3.45 p.m.. 275 
I 

4 p. m I 275 

4.15 p.m. J 275 
4.30 p.m.., 275 
4.45p.m..! 273 

5 p. m . . . 
5.15 p. m. 
5.30 p.m. 
5.45 p. m. 

6 p. m . . . 
6.15 p.m. 
6.30 p. m. 
6.45 p. m... 274 

7 p. m 275 

7. 15 p. m . 
7.30 p. m. 
7.45 p. m . 

Average . 



275 
275 
275 
275 



2Vo 
275 
275 



275 
275 
275 



»• V 



St 






o 

a 



° F. 

110 
121 
100 
98 
94 
90 
90 
100 
96 
85 
94 
96 
94 
94 
98 
98 
98 



274. 7 97. 4 



Calorimeter. 



T,. 



^ F. 
400 
402 
404 
402 
402 

I 

402l 
404i 
404' 
402 
400 
404 
402 
404 
402 
402 
402 
402 



Ti. 



op 

286 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288: 



op 

0. 9740 
.9745 
.9735 
.9745 
.9745 
.9745 
.9735 
.9735 
.9745 
.9740 
.9735 
.9745 
.9735 
.9745 



a 
Si 

at 



be 
X 



In*. 
1.5 

2.0 

1.5 

1.5 

1.5 

2.0 

1.75 

1.75 

1.5 

2.0 

2.5 

1.75 

1.5 

2.0 



.9745 1.5 
.9745 1.5 . 
.9745' 1.5 ! 



Temperature. 



Inside. 






F. 



104 



105 



9i 



F. 



94 


72.5 










104.5 


81 















80 



81 



.9741 1 101.8! 78.6 



g 






°F. 


op 


76 


430 


77 


430 


77 


424 


78 


438 


77 


420 


78 


442 


78 


456 


78 


450 


78 


446 


78 


448 


77 


442 


77 


450 


78 


450 


78 


4M 


77 


456 


77 


450 


77 


456 





1 


a 


1 




CO 



I 

I 
I 






790 



810 



840 



77.5| 443.5 790 

I I 



Slate of weather. 

Barometer at ncx>n. 29.85 incheti. 

Draft opening into furnace e<]ual 776 square inches. 

Te9t start« at 3.45 p. m.: lighted fires at 1 p. m.: '275 pounds preKsure at 1.30 p. m.: S-inch forced dimft 
at 2 D. m. 

Boiler had been under steam during forenoon and was warm at S p. m. Nipple for feed pomp 
pmvuiv gauge bui^t; was replaced, stopping pump without shutting 0(1 ail. 



OIL TESTS. 
No. SI.— Tat of oil/uel in a Hohtniiein valer-tube marint 
[Pour hODn' dunlion with S-lnch foKvd dtsfl. lining BesI cnid> 
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lnyiUr, January S, 190S. 







i 


D^ftpr^.™. 


n..n^ 


1 


1 
I 

1 


1 

9 

1 
1 

! 






s 


"b^'"" 


1 

1 


«v 


»■ 


CO,. 


3 


TOue. 


1 


1 


i 
I 

1 

1 




! 




1.5 


as 


p.t*. 


p.rt. 


P.eL 


448 
446 
449 
450 
450 


""■ 


LbL 


Zflt 


4p.n... 
4.15 p. in 




30 
33 
33 
S.^ 
33 
33 


2.40 
2.40 




6 
6 
6 
6 






1.6 










5 

5 
6 










1.5 
1.5 
















4.4.5 p. m 

5 p. m .. 
5.18 p. m 
5.30 p. m 
5.45 p. m 

6 p. m .. 
6.15 p. m 
6.30 p. m 
6.45 p. m 

7 p. m .. 
7.15 p. m 
7.30 p. m 
7.4.5 p. ra 


2.40] 1 
2.40, 1 
2.40 1 
2.40 1 


S.0 


9.0 


.4 


■i,2n 823 


22,812 


:;■: 


448 
448 
448 








i 










6 
6 
6 
6 
« 
6 
6 
6 
6 


1.5 
l.fl 
1.6 
1.5 
1.5 
1.6 
1.6 

;;: 


5 
5 
& 
6 

5 


i 




2,821 


860 


28,646 






1... . 






1 




448 
448 
448 
448 
448 
448 
449 








3& 
33 


2.40| I 

^\ 

2.40; 1 
2.40* 1 


"■ 1 












.1 


2,560 


801 


25,882 


5 
5 
5 










.' 33 

















2,582 


826 


27,002 












A('era)|(i- 


33 


2.40 1 


b 


1.5 




5' 7.3 10.0 


.7 


448.5 


2,486 


824. 2,25, 560 



Tempentureotoll Inveigh tank. 40° V. 
Steam preniire for bollen, M pounda. 
Dnfl pressure In flreroom, 3 inches. 
DraR pronire In combiution chamber, 1.6 
Draft pteanire at base of «tack. —0.3 inch. 
Total ponDdB oil burned. H.HO. 
TaUl poUDds ■team for iprsylng, K.ZW. 
Total pounds feed water. 102,242. 



H>fi NAVAL "LKIUID IX'EL REPORT. 

X... ■i-l. — Tr.'l <./.,!/ f,i.-l i,i >i IhheiiMeiii unter-fihi mnrliit Mlrr, Jaiimtrtf 10, J 



1 I 



n».lii.... L'7« 144 ' 40:; 2U8 .11M05 2.5 m 

11.15a.iii. l*7(i I2M , 404 ;«h'.'.1H:W 1.6 

ii.3iiB.iii. ;.'76 laj 4itt*' ;to«| .11H25. 2.5 

ll.45a.iii. 275 VXl 40« ;{«4l ."JH15 2 

I2in l'7:t lL*0 «tA. 30(i .il825 2.5 101.5 

I2.15I..I.1., 275 I2M . 4(H :»«[ . ilH40 1.5, 

I2.3n|..iii. 27S 1211 1 408| IMWi . iW35 2.5' 

I2.45ii.iii. 275 1211 i 40(i ;W() .lt8;«) 1.5 

Ij.. III.... 27K IIH ' 408! :W(> .1W25 l.s' 1 Iti. 5 

1.15p.iii.. 275 114 I 4W aie .ilS20 1.6 

1.30|i.lii.. 275 110 ■ 408' :«Hii . 1W25 1.5 

I.4.')|>. ni..i 277 I 110 | 40(1 :i08.'IW5 1. 5.. 



!I8S5 2.5 110 K<i 

UW 1 40(j :t08 . »845 2. 5' 

112 402' 30«ii .98:W 2.5 

110 I 402, 30<> .SW30| 2.5' 

121) 4041 ;M)8l .itS50' 2.5, 110.5 87 

120 ! 404. :J08, .9851) 2.5 

120 408 :l08l .!I83.'> A \ 

■ 4011; ;-M)8, . It835l 2. 5 



I 121) 
118 



Tli' 


■x<m 


m 


■HA 


82 


342 


811 


:«8 


84 


■AW 


84' 


34(1 


8fi 


JCIK 


88 


•x.v\ 




340 


HK 


XW 


811 


.-m 




3VI 


M. 


:m4 


84' 


3WI 


m 


358 


8(1 


35« 


m 


350 


iW 


344 



4.15 n. 111.. 27ti i 120 ' 41)8| 310| . iWU.^! 2.5 «0| 340 ! 27 

4.;lOi>. Til.. 27K 118 408 310.51845 2.5 l 00 342 ' 27 

4.45|..ni.. 27.i 120 , 40M| ;ilO.Slft45 2 ' ' 8a| 334 ■ | 27 

5|i.m.... 275 1120 410 30M .i)K« 2.5 121 Kit ; 88,334 ' 5«6; 27 

5.1op.iii.. 27fi I 122 40« :JOM .11845 3 I 8«l 340 | 27 

5.30|i. 111.. 280 [120 40tl 308.11845 2.5 [ 88*342 ■ i 27 

5.45]..tn.. 278 120 41)ti! ;«)M .0845 2.5 ' I 88' 342 ; I 27 

6|.. m..,. 27't 121) 40ti :J08 .1184.^1 2.5 118.5187.5. 88 33« ' 570 27 

(i.l5|Mii.. 275 128 40ti' :K)8 . H845 2.5 ; 88 33H ■ 27 

(i.;iO[i. 111.. 27(1 I 121) 4()ti^ ;«)8 .11845 2..'> i I 86,338 , I 27 

Averanf .. 27ll.l' 118.1 1W:!5 113.41 85.9 8(1, 341. U 66&; 27 



ti runi«M K • ■ ~'.>\ •..[iiiiri' Iriilu*. 

inniii HHMiiii'l;' ultli iJii' fniiit row onHtHliiK >'ii <>»: 4-lnvli lubos ramoved, Iviving an oposliw 

Ill-Ill-* cMi-Tiilliii: till- wiil[li nl [III- (iirtiBn-. 

-iKMnom iiiJWH.in.: lin-wi-n-llKliiixlM r..-V.ii.iii.: N>11 

111 (luw'ii tnini K.<i5 iiiilil k.U imi iii-viiunt uf dlmiblvmunl ul 



OIL TKST8. 
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No. 82. — Tent of oil fnd in a HoJienstein imfpr-tuhe marine boiler ^ January 10, 190S. 
[Eight hours' duration with natuml draft, using Harvoy system, compressed air.] 



Time. 



10.30 a. m 
10.45 a. in 
11a. Ill . . . 
11.15 a. Ill 
11.30 a. Ill 
11.45 a. in 

12 m 

12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m 

1.15 p. Ill . 
1.30 p.m. 
1.45 p. m . 

2 p. m 

2.15 p. m. 
2.30 p. m . 
2.45 p. m . 

3 p. m 

3.15 p. m . 
3.30 i>. m . 
3.45 p. m . 

4 p. m 

4.15 p. m. 
4.30 p. m . 
4.45 p. m . 

5 p. Ill 

5.15 p. m . 
5.30 p. m . 
5.45 p. m . 

6 p. m 

6.15 p. m . 
6.30 p. m - 

Average . . 








16 
16 
16 
16 
18 
18 
18 
18 
18 
18 
18 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

\T 
17! 
17 
17 
17 



.17 



0.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 



Draft pressures. 
Tube chaml>er. 



.243 



0.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
. ^z 
.22 
.22 
.22 
.22 

.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 



.226 






0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 



.241 



.a 



0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.42 
.42 
.41 
.41 
.41 
.41 
.38 
.39 
.39 
.39 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 



411 



T. 



i 



Flue gases. 



CO... 



O. ! CO,. 



c 

u 



fy 

W 

^ 



0. 55 


P.ct. 


P. ct. 


l\ ct. 


Lbs. 1 


IJb». 


55 






.55 


6.5 


11.7 






55 






.55 


1 


902 


11,308 


.55 


1 




.55 




i 


.55 




1 


.55 




! 


869 


9,325 


.55 










.55 


6.2 


12.6 


0.1 






.53 






.52 








987 


12,097 


.52 








.52 


1 


t 




.52 


i 


1 




.52 


1 




1,072 


13, 073 


.52 








.52 


6.8 


11.4 









.52 






.52 
.52 








949 


11,882 


.53 










53 










.53 
.53 







949 


11,586 


.53 


6.5 


12.2 









.53 






.53 








986 


11,749 


.53 










.53 


1 






.53 






.53 








922 


11,879 



.5:J4 6.5 12.2 



0.02 954.311,612 



Boiler was washed out and tubes cleaned of soot before the run. 

Furnace as with *' Beat" burners. 

Temperature of oil in weigh tank, 30° F. 

Air pressure at compressor. 23 pounds. 

Pressure on carburetter system, 18 pounds. 

Total pounds oil burned, 7,636. 

Total pounds feed water, 92,899. 
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So. 3.1. — 3Vrf of oil fuel in a Ilohen*tein imler-tube marine boiler, January IJ, 1903. 
[EiKhl hours' ilunlloii wUb i 



a JloherMein leater-tube m 






12.1&P. m. 


77f> 


l?l> 


12.30 p.m. 


2Kft 


VM) 


12.45 p.m. 


'XM 


112 


1p.m.... 


•/:iY> 


\W 


L15p. m. 


«7n 


1211 


1.30 p. m . 


275 


12(1 


1.45 p. Ill . 


nvs 




2p.m.... 


a7fi 


vat 


2.15 p. in . 


2JMI 


m 


2.30 p. m . 


HV.S 


iw 


2.45 p. Ill . 


■>7.'> 


\-M 


a 15 p. m . 




lai 


■J75 


VA) 


3..S0 p. in . 


2V.S 


ll» 


.1.46 p. Ill . 


27ft 


117 


4 p.m.-.. 




I'M 


4.Up. ni. 


270 1 118 


4.30 p. Ill . 


2H() 


12(1 


4.45 p. m . 


;i7ft 


v/n 


6p.m.— 


V/h 




5.15 p.m. 


27.T 


1211 


5.30 p. Ill . 


27ft 


1211 


5.45 p. in . 


•m 


120 


6p.m.... 
6.16 p. m . 




UK 


27!> 


1211 


6.30 p. m . 


275 


11H 


6.45 p. m . 


S7ft 


lift 


7 p.m.... 


V7ft 


1l>4 


7.15 p.m. 


27« 


12)1 




■'7« 


1-^ 


7.45 p. Ill . 


■J7,i 


J 22 



Calorim 


^^■ii 






Tempfmtuit. 




i 1 


Inrfde. 








1 1 
1 


1 1 




1 M 




1 




s 




i ^ 






T,. ; T,. 


«■ 1 ! 




g 


^ 


i 


II 


' ., 


, 1 


h 




1 £ 


^ 


1 














, "F. °F. 


i /" 


"F 


.,'., 


i "F 


Of 


°F. 












28 
' 28 


300 
300 

300 






.«835| 2.5 
. 983ft| 2. 5 






58 

m 




] 4(W 308 


SO 




505 




.i»m\ 2.5 
.9835, 3 
.it83ft 2 

.mih\ 2 






60 
60 
60 
flO 


' 28 
28 
28 

' 28 


306 
2B4 
292 
294 




















1 408, 30« 


76 


73 


540 


, 408 30t 


.9825i 2.5 






«0 


28 


294 




' 408; 3W 


.9815 2.5 






60 


?« 


2fla 






.9825' 2.5 1.... 






1 28 


294' 




: 408] .■!« 


.98251 2.5|100.. 


a« 


«2 


, 28 


2»« 


520 


' 408; :io( 


.9825 2 :.... 




62 


: !>8 


298 






.982ft 2.5 '.,.. 




rt2 


24 


300 




40h! .tot 


.982ft' 2.5 1.... 




«2 


24 


im 




' 408 30( 


.9825, 2.5|103.. 


H« 


ffi? 


: ?A 


300 


52S 




.9825 2 
.982ft' 2.5 






«2 

58 


' 24 
, 24 


290 




408. 308 








! 408 3W 


.9825| 1.5 L... 




fil 


24 


28ft 




1 4CMi 304 


.9830 1.5 1 99 


80 


00 




286 


516 


.9830 1.75 
.9830[ 2.5 






58 


1 24 
1 ?A 


284 
280 




' 40B 306 










.OSiJft 1.5 
.9830 1.5 






btt 

.58 


24 
24 


278 




406 m 


94. f 


79.. 


560 




.9840 1 

.0830 2.5 




58 

.58 


24 


2S2 
284 




. 406 306 










.9830 2 
.9830 2 






58 
.Vt 


24 
24 


28« 
284 




1 406 :«« 


83,. 


70 f 


566 


1 402 am 


.9835 2.5 1.... 




M 


24 


300 




' 404 :w 


.SW40 2.5 '..., 




54 


24 


310 




r 404 .IlK 
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No. 33. — Test of oil fuel in a Hohenstein water-tube marine boiler ^ January 12 ^ 1908. 
[Eight hours' duration with natural draft, using Harvey system, compressed air.] 
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In the " Harvey system " the burner employed appears to be faulty in design. In it the oil and 
sprajring agent are admitted in the same direction and with the same pressure, so that there is very 
little spraying effect. 

The so-called ••Carburetter" serves only to heat the air and oil, which could probably be accom- 
plished in a much simpler installation. 

Revolutions of air compressor. 34. 

Air pressure at air compressor. 23 pounds. 

Total pounds oil burned, 7,362. 

Total pounds feed water, 90,800. 
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No. 34. — TeM of oU fuel in a Ilohensteln tvater-tube marine boiler ^ Januarif 15, 190S. 
[Eight hours' duration with natural draft, iLsing Best burner, with air.] 
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Air oDenings into furnace: 10 until 3 p. m., 3 □ x 4 (air ducts open) until 11. when closed by 
inclinea asbestos sheets until 2, after which they were left open. From 3 p. m. to 5.30. 3 Z] -^ 4 © 
(air ducts open). 

Air pressure on burner. 70 p<mnds. 

Pressure on oil system, 25 pounds. 

Total pounds oil burned, 9.068. 

Total pounds feed water, 106.850. 
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No. .S5. — Ten1 of ail fuel in a Hohenstein unfpr-tuhe marine boiler^ January Jfi, 1903, 
[.six lioiirs' duration with l-inch fon-ed draft, using Best burner, air.] 
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No. 'M\. — TfHt of oil furl in a Jfohfrintein inUer-ltifpf marine boiler , January 17 ^ 190S. 
[FIv<> hourM' (liimtioii with 'i-iiurh forcc<1 draft, using Best bunior, under air.] 
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No. 36. — Test of oil fuel in a Ifohetistein waler-tuhe marine boiler ^ January 17 j 190S. 
[Five hourw' duration with 2-inch forced draft, usln^ Best burner, under air.] 
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.95 
.95 
. 95 
.95 
.95 
.95 
.95 


>raft pr 

Tube( 
b€ 

*•* 

8 

0.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 


essures 

:ham- 

■r. ! 

n 

0.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 


• 

Above tubes below drums. 


Base of stack. 


r 

Flue gases. 


1 
1 

i 




Time. i 

1 


CO,. 


1 
0. CO. 

1 


Revolutions of fan blow»r. 


3 

>^ 

a 

e 

3 




Feed water per hour. 


10 a. \n ... 
10.15 a. m. 


0.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 


0.5 
.5 


1 
P. ct. P. cl. P. ct. 

! ! 

1 1 


373 
372 
372 
372 
375 
375 
378 
376 
375 
376 
372 
372 
375 
375 
375 


Lbs. 


Um. 


10.30 a. m. 


.5 5.8 12.5 0.2 






10.45 a. m 


.5 


1 1 






11 a. m 


.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
5 


j 1 


1,750 


17,415 


11.15 a. m. 




11.30 a. m. 
11.45 a. m. 










12 m 




1 


2,059 


21.12fi 


12.15 p.m. 
12.30 p. m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m . . 

2 p. m 

2.15 p. m.. 
2.30 p.m.. 
2.45 p. m.. 

3 p. m 








6.6 


11.4 .2 






1,978 


20,752 




1 


7.0 


10. 9 

i 
1 






375 
375 
375 
375 
375 
375 








2 067 5>l fiftl 


.5 
. 5 
.5 
.5 




1 








I 


1 






1 


1 








1,970 


20.654 






1,96520-306 


Average .. 


; 1.45 

i 


.95 


.93 


.95 


.3 


.5 






375 




1 









Boiler was blown down one-half glass before this run. 
Tempemture of oil in weigh tank, 36° F. 
Revolutions of air eompresK)r. 74. 
Draft pressure in firerooni, 2 inches. 
Total pounds oil burne<l, 9,824. 
Total pounds feed water, 101,528. 
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No. 87. — Test of oil fuel in a Hohenstein water-tube marine boiler, Januanj ti^, I90S. 
[Three hours' duration with 3-inc)i forced draft, iming Best burner, luider air.] 





i 




Calorimeter. 


t 


Temperature. 

: ] 

In.slde. 


t 


• 








1 


Ot 


Time. 


gauge. 


i 






1 

1 


1 


- 


— 






1 

m 

98 


o 

^ 




' £ 





T,. 


T.,. 


Q. 












o 















' 


1 




( 


X 

C 


tZ 


1 


at 

a 

o 






2 








u, 










« 






! B 

X 

m 


empe 












. 


V. 




cs 


9 

O 
> 
if 




f/- 


H 








'J 




1 


< 


< 


'J 


s$ 




. IMS. 


°/'. 


°F. 


°/'. 


. 


fug. . 


^ F. 


° F. 


^ F. 


^ F. 


' F. 




11.15 a. in . 


27o 


100 


400 


286 


0. 9740 1 


1 . 75 




i 

1 


58 


378 




68 


11.30 a. in . 


' 273 


100 


402 


286 


. 97:^^ 


1. 5 






58 


370 


• *«•••' 


68 


11.45 a. m . 


273 


104 


402 


286 


.9733 1 


1 ^ 

1. o 


70 


61i! 


56 


:i68 


710 


68 


12 m 


275 


100 


402 


289 


. 9750 : 


>.o 






56 


3.54 




68 


12.15 p. m. 


273 


m 


4(X) 


288 


.9740 1 


1.5 




' 


58 


370 




68 


12.30 p. m. 


275 


91 


402 


290 


. 9755 1 


1. 5 






5H 


.380 




69 


12.45 p. in. 


275 


93 


402 


290 


. 9755 1 


1.0 


--'} 


62 


59 


366 


725 


69 


1 p. ni 


275 


1(X) 


402 


290 


. 9755 


. 5 


. . • • • 





60 


:m) 


1 


69 


1.15 p. ni.. 


273 


98 


402 


290 


.9755 1 


1. 75 




1 


60 


M) 




69 


1.30 p. in.- 


27S 


100 


402 


290 


. 9755 ] 


. 5 


. . . . . 




60 


:i64 




69 


1.45 p. in.. 


275 


100 


402 


290 


. 9755 ] 




74 


62 


61 


362 


715 


69 


2 p. m 


275 


9K 


402 


290 


. 9755 ] 


1.5 




1 
1 


61 


362 




69 


2.15 p. ni.. 


275 


94 


402 


290 


. 9755 ] 


1 . 75 . 




1 


62 
59 


360 




69 


Averafjre .. 


275 


97 






.9749 .. 





72 


62 

! 


366 


717 


68.6 









B&rometerat noon, 30.55 in('he>. 

Test begun at 11.15 a. m. 

Four No. 2 burners in use. 

"Weather, cold and clear. 

Air openings into furnace, H ^ j and 4 ^air ducus open;. 
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No. 37. — TeM of oil fuel hi a Hoheiistein irater-tuhe marine ImUr^ January 19, 190S. 
[Three hours' duration with 3-inch forced draft, using Best burner, under air.] 



Draft pressures. 



Flue gases. 



Time. 



9$ 



0^ 

B 



c 
.2 



Tube 
chamber. 



X 

S 
E 

WW* 



11.15 a. in. 2.6 

11.30 a.m. 2.6 

I 
11.45 a. Ill . 2.6 

12m ' 2.6 

12.15 p. m.j 2.6 

12.301). m. 2.6 

12.45 p. m.| 2.6 

Ip. m 2.6 

1.15 p. 111.. 2.6 

1.30 1>. m.. 2.6 

1.45 p. III.. 2.6 

2 p. Ill 2.6 

2.15 p. III.. 2.6 



1.62 
1.62 
1.62 
1.62 
1.62 
1.62 



1.6 
1.6 
1.6 
1.6 
1.6 
1.6 



> 



1.62 1.6 

1.62 1.6 

1.62 1.6 

1.62 1.6 

1.62 1.6 

1.62 1.6 

1.62 1.6 



1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1 . 62 
1 . 62 
1.62 



0.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 






COs 



o. 



CO. 



P.ct. 



0.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 



6.7 



P. H. P. a. 



12.3 0.1 



Avera>?e ..2.6 1.62 1.6 1.62 .6 - .6 6.7 



12. 3 



0.1 



blowe 


u 


u 


Revolutions of fan 


Oil burned per hou 




1 




TJb«. 


ww. 


445 






445 






445 






445 






445 


2, 294 22, 322 


445 






445 






445 






445 


2, 354 22, 796 


445 






445 






445 






445 


2, 302 22, 502 



445 ; 2,31722,540 



Started fires at 6.30 a. m. Shut down at 7.15 t»n account of frozen suction pipe, having at the time 
80 pounds of steam. 
Temperature of oil in weigh tnnk. 2S° F. 
Air pressure on burner, 70 imunds. 
Pressure on oil system. '20 pounds. 
Draft pressure in fireror>m, 3 inches. 
Total f»ounds oil burned, 6,950. 
Total pounds feed water, 67,620. 



NAVAL "liquid FUEL " BE!*()RT. 

■ ..fmlftu-l in <i ll-hriuirii, .niter-lul^- twir'mr IntiUr, Janwiry A>, I90S. 



11.31) a. II 

11. 4n &. ti 

12iii.... 
12. IS p. 1) 
12..1() I.. 11 
12.45 J.. TI 



1.30 |.. Ml 
1.4.1 11. ..I 
2,..m.. 
2.1ft !■- Ill 
2. SO ).. Ill 
2.4.iii. Ill 
3 p..,,.. 
3.15 }i. Ill 
3.30 ].. Ill 
3.45 11. Ill 



5p..n. 
fi.1S,,.i 
.^30 |.. I 





IMW 












' 






i 


i 


i 








% 


i 


























^ 






















.... 


c. 




F. 


b 


s 



ar.'i 120 4(M :«I2 O.iWl.i 1 

27.i! 120 40(il mi] .W20 .7 

i75 120' 40(i, :!04' .1*820 .7 

.982.') 1 

.1*812 .7 

.1*815 .7 



IIH 40.'i ;t04 



275 120 404 304 

2:.V 120 406 304 



.11820 I 
. 1*828 . 7 
.11815 1 



.1*820, 1 
.1*810 I 
.9828 1 
.9810 1 
.1*815 1 
.9810 1 
.9800 .7 
.9820 1 
.9828 1 
.9820 .7 
.9820 1 
.9818 



■.fm no 
370 »o 
364 HI 



m 2S 363 89 

tS2 28 366 M 

«l 28 366 fll 

67 28 364 M 

66 28 356 90 

70 28 352 90 

62 28 350 90 

64 30 aw flt 

62 30 352 89 



64 


30 


360 


89 


m 


30 


360 


90 


tiO 


30 


IW 


90 


62 


30 


iw! 


90 


65 


30 


.■m 


9S 


60 


30 


356 


91 


m 


30 


350 


90 


m 


30 


366 


91 


66' 


30 


368 


91 


66 


30 


m\ 


90 


67 


30 


»! 


90 


63, 


29 


H 


9a 



■ iKipUcatlun lit lV*l ol tbx Slat ul 
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No. 38. — TeM ofoilftiel in a lloheimiein intter'tKhf marine hoihr, Jannanj JO^ 190S. 
[six hours' duration with natural draft, using Best burner, under steam.] 



Draft pressures. 



Tube cham- 
ber. 



Time. 






S 



V. 

x: 
B 



I g 






X 

S 

o 

x" 



2 



X 



» 



11.30 a. m 
11.45 a. Ill 

12 m 

12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m ... 
1.15 p. in. 
1.30 p.m. 
1.45 p. m. 

2 p. m 

2.15 p. ra. 
2.30 p.m. 
2.45 p. m. 

3 p. m ... 
3.15 p. m. 
3.30 p.m. 
3.45 p. m. 

4 p. m ... 
4.15 p. m. 
4.30 p.m. 
4.45 p. m. 

5 p. m ... 
5. 15 p. m . 
5.30 p.m. 

Average . 



0.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.11 j 
.11 ' 
.11 I 
.11 ' 
.12 
.12 
.12 
.12 
.12 
.11 
.11 
.11 
.11 



0.28 

28' 

I 
28 

28 

28 

I 
28 

28 

28 

28 

28 

28 

28 



11' 



0.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
. 26' 
.26 
.26 
.26! 
.26 
.26 
.26| 
. 26 
.26 
.26 
.26| 
.26 
.26 
.26 
.26 
.26 

28 . 26 



27 



28 

28 
28 
28 
28 
28 
28 
28' 
28 
28 
28 
28' 



0.28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28' 
28 
28 
28 
28 
28 
28 
28, 
28' 
28 
28 
28i 
28 



0.44( 

1 


).62 


1 
.44 


.62 


.44 


.62 


.44 


.62 


1 
.44 


.62 


.44 


.61 


.44 


.62 


44 


.62 


.44 


.62 


.44 


.62 


.44 


.62 


44 


.62 


.44 


.61 


.44 


.61 


.44 


.61 


.44 


.61 


.44 


.61 


.44 


.61 


.44 


.61 


44 


.61 



.44 .61 
.44 .61 
.44 .61 



Flue gases. 



CO- 



O. 






O 



CO. 



p. ct. 



P. ct. P. ct. 



^ 


X 


V 


■ml 


w 




*. 


« 


u 


1$ 


X 


■c 


^^ 


V 


.wm 


i^ 


^ 


'a. 


/i>/». 


Lbs. 



Si ^- 



Lbs. 



10. 2 0. 2 



1,283; 14,990 836 



1,279 14,991 610 



7.4 


10 6 


.4 






1 


1 1,205 14,372' 625 






1 






1 




1 




1,184 15,110 535 






6.9 


11.4 


9 



44 .61 1,105 12,684 543 

44 .61 1 



28 .44 .614 



1,160 13,924 595 



1,219 14, 'Mb 624 



Boiler wa.s blown down one-half ^la.ss before test. 
Pressure on oil system (Scotch boiler). 20 pounds. 
Total pounds oil burned. 7,216, 
Total pounds feed water, 86,071. 
Total pounds steam for burners, 3,744. 
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So. 3.1.— 7>«f './ iiUftifl ill 11 IliiheiiMfin »:il,T-lul.e 
n<crni hoiin' dumtluii w[th iiatunl ilntt. wim Ailvano' t 

Olr-'UTKlHUll.] 



«!■ iKtiUr, Frhruary 6. ISfi-l. 



I I 

i I 



114, 



406 



" y. 



12.15 n. a 
12.30 p. n 
12.45 II. II 
lp.111.. 
l.]--.p.ni 
1.30 !>. ui 
1.45 p. Ill 
2p. 111.. 
2.1ft p. til 

2.;»)>. Til. 

2.4.1 ,...1,. 
3p. ni.. 
3.1.1 p. Ill 



4.4.5 p.m. 
5 p. m . . , 

5.30 p.m. 



120' 406 :«I8 

120 404 ;JOH 

118 408 :i08 

1201 40fi 308 

l:>0| 406 :)10 

120' 408 Sa8' 

1201 406 30H 

ISO 406 310 

120 406 :)08 

120l 406 :i0H' 

120l 4CH; 310 

120 406 .lOH. 

120 404, ;to« 

120 40«i 308 

lir; 404 310' 

1 18, im 810 

122 406 3101 

120 404 3081 

120 404. 310 

1201 406 :il0i 

120 404 :i08 

1 18 406 :«w 

120 406 310 

1 18 HY2 308 

120 406 308 

120 406 310 

118 407 310 

120 406 310 

llfi... 



9Soh l..i ' 

it83A 2 , 

9846, 2 ' 

imb' 2 
.984!>i 1..T ■. 

9845 1 I 

9855 1.5 ,. 

9845' 2 I 

9840 1.5 . 

9845 1.5 I 136i| 103 84.. 

0861 1.5 .. 

H855 2 

11855 1.5 .. 

9852 l.S I : 

986r 1.75.. 
. 9855' 2. 25 . . 
.9852 1.5 I.. 
-9845' 1..T ■ 1 
,9855 1.5 ., 
.9860 2 
.9845 1.5 . 
.985.5 2 ■ 1 
.9850' 1.5 .. 
.985.5, 2 

.9850 ' 1 



388 

370 605 

380 

380 

372 

366 600 

366 

366 

368 

372 600 

372 

372 

378 

:)B6' 615 

388 

384 

392 

3»0i 615 

382 

390 

390,.:.... 
400 615 

400 

398 

404 

404i 620 

400 

398 



iW 83 37.5 



The burtiei fun 



r» lueil In ih« openlngiL 
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No. 89. — Test of oil fuel in a Ifohenstein water-tuhe marine boiler, Feltruartj 6*, 190S. 

[Sexen hourn' duration with iiatuml (ln»ft. using Advance burner, under steam — 60 iKmnds steam, 

60 pounds oil.] 



Time. 



10.30 a. m 
10.45 a. m 

11 a. m .. 
11.15 a. Ill 
11.30 a. in 
11.45 a. m 

12 111 

12. 15 p. m 
12.30 p. m 
12.45 p. m 

1 p. Ill . . 
1.15 p. Ill 
1.801). m 
1.45 p. in 

2 p. m . . 
2.15 ]). in 
2.30 p. m 
2.45 i>. ni 

3 p. Ill . . 
3. 15 J). Ill 
3.30 p. in 
3.45 p. Ill 

4 p. in . . 
4.15 p. m 
4.30 p. in 
4.45 p. in 

5 p. Ill . . 
5.15 p. m 
5.30 p. m 







Draft pressun- 



Tube cham- 
ber. 






s 



V. 

P 

s 

c 



1 

1 

11 

11 

1 

11 

11 

11 

11 

1 

1 

1 

1 

1 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 



0.25 
.25 
.23 
.24 
.24 
.23 
.23 
.22 
.22 
.22 
.22 
.23 

I .22 
.22 

I .21 
.21 
.21 
.21 
.22 
.22 
.22 

99 

.22 

.22 
I 9.7 

.23 

.22 

i .22 

i .22 






0.19 

2 

21 

21 
9 

2 
2 

19 

19 

19 

19 

2 

19 

19 

IS 

18 

18 

18 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 



M 

^ 
* 

n 



0.23 
.23 
.23 
.23 
.23 
.23 
.23 
.22 
.22 
.22 
.22 
.23 
.22 
. 22 
!21 
.21 
.21 
.21 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 



•J. 

B 
5 



X 



< 



0.37 
.38 
.39 
.40 
.39 
.39 
.39 
.37 
.37 
.37 
.37 
.37 
.39 
.39 
.36 
.36 
.36 
.37 
.39 
.39 
..39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 



X 






steam pressure on burner, 60 pounds. 
Pressure on oil system, 60 pounds. 
Total pounds oil burned. 6.829. 
Total pounds feed water. 74,692. 
Total pounds steam for burners, 3,936. 



0.53 
I .54 
' .54 
.54 
.54 
.54 
.54 
.53 
.53 
I .52 
.52 
.53 
.52 
.52 
.50 
.50 
.50 
.50 
.53 
.53 
.53 
.53 
.53 
.53 
. 53 
.53 
.53 
.53 
.53 



Flue gaMe»<. 



CO., 



O. 



CO. 



3 
C 






/». ct. ' p. ct. p. rt. IJbu. 



3 
o 
.c 

u 

u 
0; 

■s 

•:: 



IM>*. 



u 

OS 

3 
O 



-s 






Lbn. 



Average .. .097 .224 .192 .221 .382 .526 



940 9, 942 515 



87 



9, 790 589 



824 9,881 566 



7.4 10.6 0.1 



1,0361 11,050 



1,017 10,562 



'■ 1,067 



■I 



1,068 



7.4 10.6 



.1, 975.5 



11,583 



11,884 



548 



662 



488 



568 



10, 670 



562 
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Xo. 40. — TeM of oil f net in a Jfoheiistein iniier'tiif>e mariue ftoilfr^ Fef/ruary P, 190S, 

[EiKht houFH* duration with natuml draft, using Advance burner, under steam — 30 pounds Hteftm, 

40 pounds oil.] 





I 

>• 

V 

u 
9 

1 

B 

t 

«-> 

a. 

LbA. 

273 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
273 
278 
275 
275 
275 
278 
275 
275 
275 
274 
275 
275 
27(> 
275 
275 
275 
275 
275 
275 
275 
278 


- 

• 

*^ 

1 

X 

6 • 

120 
120 
120 
119 
121 
124 
120 
120 
120 
120 
120 
120 
120 
120 
118 
118 
120 
124 
118 
120 
120 
120 
120 
120 
118 
124 
120 
120 
120 
120 
120 
120 
120 


Ca 


lorimeter. 


. 9865 
. 9865 
. 9852 
.9860 
. 9852 
.9852 
. 9852 
.9855 
. 9855 
. 9855 
.9855 
.9860 
. 9860 
.9860 
. 98()0 
.98tK) 
. 9852 
.9860 
. 98<>0 
. 9852 
.9860 
. 98(K) 
. 98r)0 
. 9860 
. 98^)0 
. 98(>5 
. 9865 
. 9852 
. 9843 
. 98(H) 
. 9860 
. 98e>0 
.98(K) 


. 1 

u , 

u 

1.5 
2 

I 

2 

1.5 

1 

u 

1.5 
1. 5 1 
1.5 
2 
2 

2.5 
2.5 
2 25 


Teii] 
Inside. 


t pentti 

• 

mm 

X 

C 

1. 

Xi 
< 

° F. 

73 
76 

78 
78 
80 
80 
80 
84 
80 
82 
82 
82 
82 
82 
86 
86 
84 
86 
86 
90 
88 
88 
86 
88 
86 
90 
88 
84 
86 
89 
89 
89 
84 


jre. 

• 

£ 

mm 

b 

1 

QO 

°F. 
398 
386 
384 
388 
388 
400 
400 
400 
400 
400 
396 
398 
:S98 
398 
396 
406 
390 
402 
400 
402 
402 
394 
386 
394 
388 

:^9a 

390 
396 
398 
398 
398 
400 
400 






T,. 

"> F. 
404 
4(M 
404 
402 
404 
404 
404 
40<> 
406 
406 
406 
402 
402 
402 
402 
402 
404 
402 
402 
404 
402 
402 
402 
402 
402 
404 
404 
404 
406 
402 
402 
402 
402 


«^ /'. 
310 
310 

:W8 

,308 
308 
308 
308 
310 
310 
310 
310 
308 
308 
308 
308 

:^)8 

308 
308 

:^8 
:^)8 
:^)6 
:^)8 

308 
30S 
308 
310 
310 
308 
.308 
30S 
308 
308 
308 




Time. 


1 
°F. 


• 


X 

1 


10.30 a. m . 
10.45 a. Ill . 


«>/'. 


11 a. Ill 

11.15 a. Ill - 


117 


90 


675 


11.30 a. Ill . 








11.45 a. in . 

12 m 

12.15 p. Ill . 
12.30 !>. Ill . 
12.45 p. Ill . 

1 p. Ill 

1.15 p. Ill .. 
1.30 p. Ill .. 
1.45 p. Ill .. 

2 p. Ill 

2.15 p. Ill .. 
2.30 p. Ill .. 
2.45 p. Ill . - 

3 p. Ill 

3.15 p. Ill ,. 
3 l\0 I) 111 


"i25* 


"95" 


'670 


"i24' 


"93"" 


655 


118 i 


92 


655 


1 

1.5 

2 

2 25 




1 




116 


90 


655 








3.45 ]>. Ill .. 

4 p. Ill 

4.15 i>. Ill . . 


1.5 

1 ' 

1 
2 

1 

1 

1.5 
•> 

1 
I 

1.5 
2 


132} 


sm ' 


* " 675 


4.30 p. Ill . . 
4.45 p. Ill . . 

5 p. Ill 

5.15 p. Ill .. 
5.30 p. Ill . . 
5.45 1). Ill . . 














132J: 


103 


660 






•••••• 


6 p. Ill 

6.15 p. Ill .. 
6.30 p. Ill . . 


137 1 


103 


"650 

• • • • • s 








Averajre . . . 


275 


120. 






.9858 




125 


95. 6 


84 


396 


662 



Barometer at ikkhi. 30.15 iiicht"-. 

Tt»j*ts started at 10.;iO a. m. 

Weather, elear and cold; fresh breeze from northwest. 

Air oiK'ninjfs into furnace, 3 and «» ^. Deflectors used in openings. 

Note.— With thi****' conditions as given— of low pressure of burner titeam, and greater premire 00 
oil than on the spraying steam. the burner* functioned very satisfactorily. re<iuiring very little atlen* 
tion. e.xcept an oeca.*<ionaI increase in the (»il admi.>«<ion for the puriKiK' of c. earing the oil holes In 
the burner. With the lower pressures the spniy .neems to take the rifling better and to t nd to Mlow 
the U*ll muzzle. 
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No. 40. — Test of oil fuel hi a Hohenstein water-tube marine boiler, February 9, 190S, 

[Eight hours' duration with natunil draft, uaing Advance burner, under Hteam — 30 pounds steam, 

40 pounds oil.] 



Time. 



p. m. 
p. m. 
p. m. 



10.30 a. m 
10.45 a. m 
11a.m... 
11.15 a. ni 
11.30 a. m 
11.45 a. m 

12 m 

12.15 
12.30 
12.45 

1 p. m . . 
1.15 p. m 
1.30 p. m 
1.45 p. m 

2 p. m . . 
2.15 p. 
2.30 p. 
2.45 p. 

3 p. m 
3.15 p. 
3.30 p. 
3.45 p. 

4 p. Ill 
4.15 p. 
4.30 p. 
4.45 p 

5 p. m 
5.15 p. 
5.30 p, 
5.45 p. 

6 p. in 
6.15 p, 
6.30 p, 



m. 
m. 
m. 

m. 
m. 
m. 

« • • 

m. 
m. 
m. 

m. 
m. 
m. 

m. 
m. 



Average 



Draft pressure. 









.05 .20 

.05 .20 

.05 .21 

.05 .21 

.05 .21 

.05 .21 

.05 .21 

.05 .21 



Tube 
chamber. 





a 

o 




0. 05 0. 22 


0.17 


.05 


.22 


.17 


.05 


.22 


.16 


.05 


.22 


.16 


.05 


.22 


.16 


.a5 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.21 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.18 


.05 


,20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 


.05 


.20 


.17 



.17 
.17 
.18 
.18 
.18 
.18 
.18 
.18 



u 
•C 

ss 

c 

\ 
% 

3 

> 

< 



0.21 
.21 
.19 
.19 
.19 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.21 
.21 
.21 
.21 
.20 
.20 
.20 
.21 
.21 
.21 
.21 
.21 
.21 



0.4 

! .-t 
I ••* 

.4 
.37 
.35 
..35 
.35 
.36 
.36 
.36 
.36 
I .36 
.36 
.36 
.36 
.36 
.38 
.38 
.38 
.36 
.36 
.36 
.36 
.36 
.36 
. 36 
.4 
.4 
.4 
.4 
.4 
.4 




Flue gases. 



C0«. 



3S 
K 






0. 52 

' .52 
.52 
.52 
.54 

i .51 
.51 

j .51 
.55 



O. CO. 













ki 






0) 






*•> 






eS u 






to 






• 


• 


(fee 
per 


9 
O 


C 


f.^ 






12 




u 


^^ 


0; 


4-> 


U.S 


£ 
E 




earn fo 
spec 



Cfc 



P.ct. P.rt. P.ct. IM. 



IJbs. 



Lbs. 



8.0 9.00 



1,211 13,510 554 



55 
55 



'\. 



1,204! 13,498' 621 



7.7 \ 9.80 



55 1 1,184 13,689 564 

55 ; ! i 



oo 



oo 

55 



55 



1,204, 13,562 494 



55 7.7 11.20 



. oo 
. 55 



1,201 



oo 



55 



13, 732 481 



00 

^ mi 

.'VO 

55 
55 
55 
oo 

00 

55 



S. 11. 60. 3 



1,180 



13, 3()0 



500 



1,204 13,481 



529 



oo 
55 



1,190 13,653 



373' .542 7.85 10.4 



464 



075 1,197 13,566 526 



Started fires at 7.15 a. m. (main boiler): 275 ix>unds steam at S.IO a. m. 

Temperature of oil in weigh tank. 37° F. 

Steam pressure on burner, :W pounds. 

Pre.««ure on oil system. 40 pounds. 

Total pounds oil burned. 9.578. 

Total pounds feed water. 108,485. 

Total pounds steam for burners, 4.207. 
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No. 41. — TeM of oil fuel in (t HitheuMein miOr-tuht' marine ftoiler, February ISj 190S. 

[Kight houFH' duration with imtiiral draft. u^«inK Advance burner (improved ), under steaiu — 20 pounds 

hU'Hm. 30-2r> {toundfl oil.] 



Time. 



10.20 a. ni 
10.IJ5 a. in 
lO.r.O a. ni 
11.05 a. in 
11.20 a. Ill 
ll.:{5a. ni 
11.50 a. Ill 
12.05 J). Ill 

12.20 i». Ill 
12.35 p. Ill 
12.50 ].. Ill 
1.05 j>. m. 
1.20 i>. 111. 
1.35 J). 111. 
1.50 j>. III. 
2.05 p. III. 
2.20 p. in. 
2.:r> p. 111. 
2.50 ]>. in. 
3.05 p. in. , 
3.20 p. III. 
3.35 p. III. . 
3.50 p. 111. , 
4.(V> p. 111. , 
4.20 p. III. 
4..'i5 p. 111. , 
4.50 p. 111. . 
5.05 p. 111. , 
5.20 p. 111. 
5.,*{5 ]>. 111. 
5.50 p. 111. , 
0.(VS ]>. III. 
6,20 p. III. 

Avt'nii^' . 



3 
>» 



a 



/i>*<. 



2/0 
275, 

275 
275 
275 
275 
275 
27H 
275 
275 
275 
275 
275 
275 
275 
275 
274 
275 
275 
275 
275 
275 
275 
275 
270 
275 
275 
275 
270 
-< •» 
«.< ti 



CiilorlnieltT, 



Temperature. 



InMide 



£ 

H 

20 
20 
20 
17 
IH 
20 
24 
20 
18 
20 
20 
20 
20 
20 
10 
IS 
20 
24 
18 
l(i 
20 
20 
20 
20 
20 
20 
20 
20 
2t) 
20 
24 
20 
20 



o y 

400, 

400 

402 

400 

404 

402 

4(H) 

402 

404 

404 

4(X) 

402 

402 

402 

400 

400 

402 

402 

402 

402 

402 

41K^ 

■IIX) 

402 

402 

402 

402 

4(X) 

4(X) 

4(X) 

4(X) 

4(X) 

402 



'MS 
304 
3(M) 
306 
3(X) 
3(X) 
306 
;W8 
308 
308 
308 
308 
308 
308 
308 
308 
308 
:U)8 
308 
3(X> 
.3(X> 
3(X> 
308 
308 
30S 

:W8 

308 
308 
:U)8 
308 
308 
.308 



W. 



0. 9855 
9855 
9836 
9855 
9840 
9850 
9855 
9850 
9852 
9852 
9870 
9860 
9860 
9860 
9870 
9870 
9860 
9860 
9860 
98()0 
9850 
98.55 
9855 
9860 
9860 
98(W 
98(X) 
9870 
9870 
9870 
9870 
9870 
9860 



be 
be 



Inn. 

1 1 . 75 . 
1.25. 


^ F. 


"> F. 


• ----]" 


* * * * 


1 

1. 75 . 


138 


107 




• • • • 


1.5 . 






1 


145 


107 


1.5 . 






1. 75 . 


' 




1 






1 


154 


108 


1 






•> 






I 






1.5 


154 


107 


1.5 . 







2 






1.5 . 






1.5 


159 


111 


. 1.75, 






1. 75 . 






1.5 . 







I. 75 


1(X) 


111 


1 . 75 . 






O 






') 








152 


112 


1.5 . 






•> 






2. 25 . 






1.5 


Hk) 


115 


'> 






•> 













B 
X 



86; 

87 
88; 
92| 
95! 
98i 
102 
1021 
104 
106, 
104 
106 
106' 
108 
106 
108 
UOj 
110 
108 
106= 
106 
108 
110 
104 
104 
108 
110 
110 
110 
108 
106 
108 
106 



c 



s 

cS 
i/ 



O 



Of. , 

384 
:{90 

:^96 

406 
404 
400 
400 
392 
394 
410 
410 
402 
404 
402 
410 
414 
410 
406 
406 
406 
408 
406 
406 
400 
396 
•"594 ...... 

.392; 635i 

392 1 

392 1 

398 ! 

404- 650; 

400 ' 

400 



X 






°F. 




• • • • " 1 


30 




30 


640' 


30 




:io 


; 


30 




30 


6:^0 


:so 




:{0 




30 




30 


645 


:io 




:iO 




:w 




30 


670 


30 




30 




:w 




25 


6:^5 


25 




25 




25 


1 


25 


650, 


25 


I 


25 




25 



25 
25 
25 
25 
25 
25 
25 
25 






120 98.59 



153 110 104 401- 644 27. « 



Banunolorat n»m»n. :MK\X\ im*h»'>. 

Test slariiHl at hi.Jii a. in. 

WeHther, eU-^r. 

.\ir »»iHM»in|i> into furanoe 3 and 6 K. 

Prt^sjiun* on i>il during first four hour< wa** :*^ iwuinds. I»re?«»un* on oil durinir ?*ecoiMl four bornii 
iMH»und<. 

Then* wen» thrtn* tle|H>sit.«» oi earN»n. Two of which were 1 foot in diameter. And the other S feet 
in diameter. 
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No. 41. — Teatt of oil fuel in a Hohenntein water-tube marine boiler, February 13^ 190S. 

[Ki^ht hourH* duration with natural draft, using Advanee burner ( improved), under steam — 20 p<iund8 

steam, :W-2.5 ]>ounds oil.] 





e. 

1 


Combustion chamber. 


Draft p 


re.Ks 
im- 

• 

21 

.21 
21 
21 
21 
21 

.21 
21 
21 
21 
21 
21 
21 
21 

.21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
20 
20 
20 
20 
20 
20 
20 
20 

.20 


ure. 

• 

■■/. 

I 
V. 

% 

> 
< 

.38 
.38 
.39 
.39 
.39 
.39 
.39 
.39 
.37 
.37 
.37 
.37 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 


0. 53 


Flue gases. 


• 
M 

B 

. __ 


1 

1 
U 

• 

I ; 


ki 

Z> 

a* 


ae 


Tim 


Tube chfl 
ber. 

s 

0.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 1 
.18 1 
.18 
.18 ' 
.18 
.18 
. 18 
.18 
.18 
. 18 
.18 
.18 
.18 
. 16 
.16 
.16 
.18 
.17 
. 17 
.17 
.17 


1 
CO.... O. CO. 

1 

V. ct. P. rt. • P. (i. 


? b 
•c o 
^b 

^^ 

£b 

it 

11 

a, 


10.20 a 


1 

. m. 
. m. 
. in. 
. m. 
. in. 
. m. 
. m. 
►. in . 
>. m. 
►. in.l 
». m . ' 
m . . ; 
m.. 
m.. 
m.. 
in . . ' 
m.. 
in., 
m.. 
n». . 
m.. 
in., 
m.. 
m.. 
m.. 
m.- 
in.. 
m.. 
m.. 
m. . 
m.. 
m.. 
m. . 


20 
20 
20 
20 
.20 
.20 
.20 
20 
20 
20 
.20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
18 
18 
18 
19 
19 
19 
19 
19 











10 :i5 a 


53 


\ 






10.50 a 




-1 


} 


1 






11.05 a 


55 


• • - -| 








11.20 a 
1 1 35 a 


. 55 . 
55 




- - - - 


1, 161| 


12.8.39 


409 


11.50 a 


. 55 








....... 




12.05 1 


55 






12.20 I 
12.35 1 
12.50 p 
1.05 p. 
1.20 p. 

i.asp. 

1.50 p. 
2.05 p. 
2.20 p. 
2.35 p. 
2.50 p. 
3.05 J). 
3. 20 p. 
3.35 J). 
3.50 p. 
4.05 p. 
4.20 p. 
4.:^ p. 
4.50 p. 
5.a5 p. 
5.20 p. 
5.35 p. 
5.50 p. 
6.05 p. 
6.20 p. 


. 55 . 
. 50 . 
. 50 
50 







1,082 


12,416 


370 


7. H 9. 8 0. 2 


1 




1 




52 






1,083 


11,977 


488 


. 53 . 
53 








1 


3 








53 


( 1 




53 






. . . . 


1,(H>3 


11,953 


384 


.53 




4 








53' 




1 






53 






1,103 


1 2, 439 


353 


53 








. 53 




i 




1 
1 




53 






.53 






1, 106 


12,(>(>6 


361 


51 








.52 

5.3 


7 12.4 .2 

t 










5;j 






1,055 


12,018 


385 


53 


! 






53 


1 
1 


\ 








53 






. 53 






1 , 088 


12,127 


:«8 




11.1 .2 


.3 




Average .. 

1 


.197 


.177' 


21 


.38 


. 53 


7.3 


1,093 


12,304 


387 



Lighted fires at 7.05 a. m.: 275 pounds steam at 7.55 a. m. 

Stream prc^ure on burner, 20 pounds. 

Draft pressure in furnaee, 0.05 inch. 

ToUil jxjunds oil burned, 8,741. 

Total pounds feed wat*;r, 98,435. 

Total pKJunds steam for burners, 3,098. 
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No. 42. — Temt of oil fuel in a Hohena^tein vater-tabe marine tHjUer^ February 27 y 190S. 

[Eight hours' duration with '2-inch forced draft. \i9\n^ Advance oil burner, under steam — '20 pminds 

Kteam. '2^ {KXinds oil.] 







1 




Calorimeter. 




Temperature. 






Time. 


1 

c 


1 ; 


T,. 


1 

( 
1 


l^ 


1 


1 

9 1 


1 

mm 

C 




E 

■mf 

z 
s 

i 


• 
S 






I 

c 
a. 


*•> 




1 
1 




"i 


1 


s 

u 

0^ 


^ 


I 

Si. 


i 








a. 

C 

mm 




1 




5 

••to 


mm 


*•> 
X 


1 


B 
t 

X 


I 






IMS. 


° F. 


° F. 


°F. 




In*. 


° F. 


°F. ; 

1 


°F. 


JM. 


Jjb9. 


1 p. Ill . 
1.15 p. 




275 
275 


118 
120 


402 
400 


280. 
290 


0. 9700 
. 9762 


2.25 


90' 
90' 


404. 
406'. 




20 

1 

20 


25 


in.. 


25 


1.30 i>. 


m.. 


275 


120, 


400 


288 


. 9750 


2 


90 


394 

1 


750 


1 
20 

1 


25 


1.45 p. 


ni.. 


273 


120 


402 


288 


. 9745 


2 


90 


386. 




^1 


25 


2p.m. 


.... 


275 


118' 


400 


288 


. 9750 


1.5 


90 


398i . 




20 


25 


2.15 p. 


m.. 


275 


120 


400 


290 


. 9762 


2 


90 


398. 




20 


25 


2.30 p. 


m.. 


275 


120, 


400 


290 


.9762 


1.5 


90 


394 


705 


20' 


2& 


2.45 p. 
3 p. 111. 


111.. 


275, 
275 


12o' 
120 


402 
400 


288 
286 


.9745 
.9740 


1.5 
2 


90 
90 


:^88. 

378. 




20 


25 




25 


3.15 p. 


111.. 


273 


118^ 


400 


288 


. 9750 


1.5 


90 


3^. 




20! 


25 


3.30 p. 


111.. 


270 


117' 


398 


288 


.9760 


1.5 


90' 


406 


710 


^i 


25 


3.45 p. 


111.. 


275 


12(1 


398 


290 


.9765 


1.5 


90 


410. 




20 


25 


4 p. m. 


.... 


275 


120 


398 


290 


.97a5 


2 


90 


410. 




20 


25 


4.15 p. 


111.- 


275 


120 


398 


2^K) 


.9765 


2 


90 


422. 




20 


25 


4.:^) p. 


111.. 


275 


118 


398 


290 


.9765 


1.5 


90 


424 


700 


2a 


25 


4.45 i>. 


111.. 


275 


116 


396 


290 


. 9777 


2 


90 


406. 




20 


25 


5 p. Ill . 


-e 


275 


112 


396 


292, 


.9790 


9 


90 

1 


394. 




20 


25 


Averajz 


274 


119 




' 


.9756 




90 


400 


714 


20 


25 











Temi>eraturo of oil does not app<»ar in lo^. 
B»ironietor at nrxm, 'M):lC\. 

Weather: <»vcn^a.st. with min fn»m 2.30 until clot»e. 
Air openings into furnace 3 and 6—0. 
Steam valve, wide open. 



OIL TESTS. 



-Te^l ofmlfufl in ', Hnhf-m 



187 

■f fioitfr, Februanj i-7, 190-i. 



' £ I £ 



1p.m. 
MS p. D 
1.30 p. n 
l.+Sp... 

2 p. III. 
2.t5p. n 
2.30 p. II 
2.45p.u 

3 p. Ill . 
3. 15 p. II 
a30p. n 
a45 p. II 

4 p. III. 
4.ISp.n 



4.45 p. I 
5 p. Ill 



tj 385 



- :.3: 



-A 



Tiilal poundK ofTbumed. 6..S7N. 
Tola] pnundH ivvH watiT. tlLJ'-l. 

32196—04 13 



,591 14,918 

i M j 

■I ^'^i 

.J 3*«] 1,502 I 13,8 

-.1 385' ■ 

« 386' I 

..I 385| 

.. :iS5i 1,697 j 15,276 420 

..' 385' 

l' 385| ' 

385 i 

..' 384 1,788 17,285 460 



.i 1,644.5 15,343 420 




188 



NAVAL *' LIQUID FUEL" REPORT. 



No. 48. — Te^t ofoilfti^l in a Ifoh^nstein waU'r-tnhe marine ItoiUr, }farrh £f J9f}S. 

*\ draft. iLHiiiK Ad vane 
oil, 20 poundfl Nteam.] 



[Six hoiirw' duration with 1-inch forfe<i draft, twing Advance oil burner, under steam— 25 pounds 

ids 



Time. 



11 a. m 

11.15 a. m. 
ll..SOa. m. 
11.45 a. m. 

12 m 

12.15 p. in. 
12.:Wp. 111. 
12.45 p. 111. 

1 p. Ill 

1.15 p. 111.. 
1.30 p. m.. 
1.45 p. III.. 

2 p. Ill 

2.15 p. in.. 
2.80 p. 111.. 
2.45 p. in. . 

8 p. ni 

3.15 p. III.. 

3.45 p. 111..! 

4 J), in ' 

4.15 p. 111. . 
4.30 j>. m.. 
4.45 p. ni.. 

5 p. ni 

Averaj^^ .. 






kl 

I 

E 

X 



275 
275 
275 
276 
272 
275 
260 
273 
275 
275 
273 
275 
275 
273 
272 
275 
275 
275 
272 
275 
278 
275 
275 
275 
275 



5 



2 

X 

s 

c^ 

°K I 
126 
118 
125 
lid 
114 
120 
120 
120! 
12()j 
120 
118 
120 
116 
120 
120 
120 
120 
120 
122 
120 
118 
118 
118 
120 
122 



(.'ulorinieler. 



T,. 



4a); 

4(X) 
400 
400 
400 
402 
402. 
400 
400 
4(H); 
4(H) 
400 
4(H) 
4(H) 
400' 
400 
398 
400 
402 
400 
400 
400 
400 
400 
4(H) 



292 
292 
2t»2 
292 
292 
292 
292 
292 
2^)2 
2^)2 
292 
2«)2 
292 
292 
292 
292 
292 
292 
292 
292 
294 
292 

292 
292 



5 



274 120 



0. 9775: 

. 9775 
.9775 
. 9775 
. 9775 
.9766! 
. 976()i 
.9//.-), 
. 9775 
. 9775 
. 9775 
. 9775 
. 9775 2 
. 9775 
. 9775 
. 9775 
.9780 
. 9//0 
.9766 
. 9775 
.9785 
. 9775 
. 9775 
. 9775 
. 9775 

. 9775 



Ins. 
•> ♦>.!; 

Art • *rf« f • 

1.5 ' 

1 

2 

2.25 
2. 25 

1.5 

1.5 

♦> 

A. 

2 

2. 25 
1.5 

2.25 

3 

2.25 

2.25 



Temperature. 



Inside. 



9i 



F. 



125 96 



118 



93 



1.5 120 95 

2 

2. 25 

1.5 ' 

2 118 95! 

1.5 

2.25 



I 



c 



Of 

80 
81 
81 
81 
83 

8:^ 

82 
83 

8:^ 

83 
83 

84 
86 
87 
88 
88 
88 
87 
87 
88 
88 
88 
88 
88 



88, 



E 






• ■ 



^ ! 



9 

t 



A. 

g 

I 



°F. 


o>'. 


ljb». 


'S56 




20 


:ib6 




20 


364 


700 


20 


370 


««««••' 


20 


380 




20 


376 


•••••.: 


20 


364 


710 


20 


370 


......' 


20 


374 




20 


380 


1 


20 


394 


710 


20 


380 




20 


:i84 




20 


386 


1 


20 


:i88 


700 


20 


380 




20 


376 




20 


380 




20 


:{80 


6fK) 


20 


:^88 




20 


384 




20 


380 


•««««• 


20 


:wo 


680 


20 


378 


««•••« 


20 


368 





20 



120 95i 85 376 098 20 



Barometer at n<M)n. '.V)A1 inches. 

TeHtstartM at 11 a. m.; liKhted tires, r).4.'>a. m.: 27.'> {xMinds of Kteam at l.HOa,. m.: shut down tar 
reijairw. 8.15 a. m.; restarted, y a. m.: forced draft at 10 a. m.: 1-inch forced draft at 10.80 a. m. 

Weather, clear and cold. 

Air upeningH into furnace ;t and 0—11 a. m. until 2 p. m.; air openings into furnace 8 G *nd 2 
and 4 O. 

Steam valve, wide o|H»n. 




XO. a.-~nxl Ofoit/iul ill . 

IMx hi>ur-* •liiratiiin \ri[h Mnch !■ 



OIL TESTS, 

'ilieiitit^iii imtfF-tube m 
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K 5oi7*T, .Vilivft *, 1903. 



11.15 a. 1 
11.30 8. 1 
11.45 B. r 



].;«) p. I 
1.45 p. I 
2l.. .n. 
2.15 [.. . 



3.15 i>. 111. 

3.3011.111. 
3.45 p.m. 
4p.m... 

4.1-'>p.ni. 
4.30 p. ni. 
4.45 ]>. 111. 
5p. lu... 



.44 .42 .44|- . 
.44 .42 .46 



.45 .42 .45 



.45 .42 . 45 - 



.45 .42 .45- . 






1 




P 






ll 








J 


J 
s 


il 


1 - 


1 


i 




1 






IM>. IJ>t. 



. 278:.. 
. 278,. 
. 278.. 



• ....' 2K0 l,:tlO 

i'4.'si3."2'6.'6 2m\V.'.'.'.'.'. 

279 

i 280 1,524 



281 . 



1,444 


14,639J 


394 






1,403 


13. 7671 


381 






1.370 


13.4.53J 


413 


1.3il7.. 


13, 74 7| 


447 



•\ 
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NAVAL *' LIQUID FUEL REPORT. 



No. 44. — Tent of oil fuel in n Hohensteiji uHUer-iuhe marine itoUfr, March -i, 190S. 

(Three hours' duration with 3-ineh forcocl draft, using Advanct* burner, under Hteam — nteam. 'Ji>iM»un4ii; 

oil, 25 poundH.] 



Time. 



Calorimeter. 



u 

3 



£ 

& 



a. 








IM. 


°/: 


°F. 


°/: 


1.15 p. 111.. 


275 


120 


398; 


288 


1.30 p. Ill . . 


275 


120 


400 


286 


L45 p. m.. 


275 


120 


396 


288 


2 p. m 


275 


116' 


398 


288 


2.15 p.m.. 


275 


114 


398 


290 


2.30 p.m.. 


275 


120 


400 


2^K) 


2.45 p. m.. 


274 


120 


398 


288 


3 p. m 


275 


124 


398 


290 


3.15 p. m.. 


270 


120 


400 

1 


288 


3.30 p.m.. 


275 


116 


398 


290 


3.45 p. m.. 


275 


120 


398 


288 


4 p. m 


275 


120 


398 


290 


4.15 p. m.. 


275 


120 


398 


288 


Averaiire .. 


275 


119. 




.... 



0.9760 
.9740 
.9765 
.9760 
.9770 
.9762 
.9760 
.9770 
.9750 
.9770 
.9760 
. 9770 
.9760 



.9761 



be 

5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

2 

1.5 

3 

2 

1.5 

1 

1 



Temj^erature. 



Inside. 



/'. 



0< 



56 



o< 



56.6 

I 



/'. 






« • I • « 



> / i 



I i 



8 



X 

C 



S 



z 
J 

* 

X 



e 

.a 



it 



7. 



i I 



9f 



87 
88 
89 
88 
90 
89 
90 
90 
89 
90 
90 
90 
90 



^ F. 


- F. 


//M. 


400. 


.... 


20 


426. 


.... 


20 


420 


H]0 


20 


428. 


.... 


20 


428. 




20 


424. 




20 


416 


7H0 


20 


410. 


• • • • 


20 


402. 


« * « • 


20 


4.38. 


w * « • 


20 


4:« 


755 


20 


432. 




20 


4;J4. 




20 









77.3 89 423 775 20 



Temperature of oil dm^s not appear in the log. 
Barometer at noon, 30.55 inches. 

Test started at 1.15 p. ni.; lighted fires 9 h. in.: 275 i)Ounda steam at 9.40 a. ni.; 3*inch forced draft at 
12.16 p. m. 
Weather: Clear. 
Air openings to furnace 3 ^J and 6 steam valvcM wide open. 




OIL TESTS. 
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No. 44. — Trnt of oil fuel in a tLtlieiistein loaler-iuhe marine boiler y March 3, 190S. 

[Three houi^' duration with 3-inch forced draft, using Advance burner, under steam— «team, 20 ponnda; 

oil, 25 pounds.] 







Dm ft presaure. 




Flue gases. 








0) 








— 






1 






|m 










^2 






TntMi cham- 


X 

S 






1 








•s^ 






ber. 


s 














s^i* 




u 














• 


^S. 


Time. 


■1l 

S 




• 


M 


COj. 


1 

O, CO. 


mm 

s 


u 
3 

u 


3 




burners 
burners) 




mm 




0/ 

.a 


* 

*•> 
X 


1 
1 


a 

*-> 


C 


In 


Oil 

8 




^ 

c 


s -^ 


> 




1 


o 


.:2 


•0 


§- 




mm 


^ i 


£ 


X 

X 




•^ 

i 


•mm 




S 




^ 


U. X 


< 


X 






X 


<*^ 


U< 


CO 












P. rt. 


1 

p. ct. p. ct. 




IJn*. 


Lhit. 


/A«. 


1.15 p. ill.. 
1.30 p. ill.. 
1.45 J), in.. 

2 p. ni 

2.15 p. ill.. 
2.30 p. in.. 
2.45 ji. 111. . 

3 p. Ill 

3.15 y. 111. . 
3.30 p.m.. 
3.45 J), m.. 

4 p. in 

4.15 p. 111.. 


1.9 

1.9 

1.82 

1.82 

1.82 

1.82 

1.82 

1.82 

1.9 

1.9 

1.9 

1 . 86 

1.86 


1.9 1.7 
1.9 1.7 
1.82 1.64 
1.82 1.64 


0.68 
.68 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 


—0.4 

— .4 

— .4 
.42 
.42 


, 


458 
458 
459' 
458 
458 
458 
460 
458 
458 
458 
459 
458 
458 








......... ..... 

1 








1 














•""•"•" 




1.82 
1.82 


1.64 
1.64 






2, 075 


18, 872 


459 


.42 
.42 








1.82 1.<U 


7 


11 0.4 








1.82 


\ASA 


.42 
.42 


1 








1.82 1.64 
1.82 1.64 
1.82 1.64 
1.86 1.63 
1.86 1.63 






1, 855 


16,971 


428 


— .42 
.42 
.42 




! 
























— .42 




( 


2, 075 


18.846 


412 


7 


1 




Avemgc . . 


1 . iM\ 


1.85 l.<)5 


.61 


— .42 


11 .4 

i 


458 


2,002 


18,229 


433 



Pressure on oil system. 25 pounds. 
Draft pressure in tireroom. 3 inches. 
Draft pressure in furnace, 2.6 inches. 
Total iKHinds oil burned. 6.005. 
Tr»tal pKjunds feed water. 54,689. 
Total pounds steam for burners. 1.299. 
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NAVAL ** LIQUID FUEL REPORT. 



No. 45. — Teat 'tf oil fuel in a Iloheiislein irnler-tHhe marinf f toiler, Marrh 14, lit04. 

(Four houra' duration with 3-inch forced draft, for maximum cai>acity.-UMing oil (Mty Boiler Works 

burner, under f^team.] 





>• 

p. 
Q 
t 

IX 


i 

i 

s 

Eh 

OK 


Calorimeter. 


• 

1 
1 

^^ 
lim. 


T 
Imdde. 


emperature. 

• 

m 

p * 

c z 

i i i 


• 

I 

m 

« 

1 






T,. 
°K 


°K 


*4- 


• 

1 

i? 

• 

C 

1 


Time. 


• 
>» 


1 




Lbs. 


op 


°K 


op» 


u». 


1 p. m 


275 


110 


400 


282 


0. 9716 


2 






102 


434 




35 


1.15 p.m.. 


275 


108 


400 


290 


.9762 


2 






102 


444 




40 


1.30 p.m.. 


275 


110 


402 


292 


.9765 


•> 

AM 






102 


448 


..... 


40 


1.45 p.m.. 


275 


107 


398 


288 


.9760 


A 


92 


70 


102 


460 


750 


40 


2 p. m 

2.15 p. m.. 


275 
270 


110 
108 


394 
396 


288 
288 


.9772 
.9765 


1.5 






102 
104 


482 
476 




40 


1 






40 


2.30 p.m.. 


275 


106 


896 


292 


.9788 


1 






104 


. 448 




3D 


2.45 p. m.- 


275 


no 


396 


288 


.9765 


3 


94J 


71 


104 


448 


850 


35 


3 p. m 


275 


114 


398 


288 


.9760 


2 






104 


448 




35 


3.15 p.m.. 
3.30 p.m.. 
3.45 p. m.. 


276 
275 
275 


no 

106 

no 


396 
400 
398 


288 
290 

288 


.9765 
.9762 
.9760 


2 
1.5 






ia5 

104 
104 


440 
436 
438 


820 


40 






40 


4 


95 


71 


42 


4 p. m 

4.15 p. m.. 
4.30 p.m.. 


275 
278 
275 


108 
108 
104 


400 
400 
400 


286 
292 
290 


.9740 
.9775 
. 9762 


4 

2 
2.5 






1(M 
1(M 
104 


442 
442 
444 




45 






65 






70 


4.45 p.m.. 


275 


106 


400 


292 


. 9775 


•) 


..... 




104 


440 


855 


70 


5 p. m 


275 


KM 


400 


290 


.9762 


o 






104 


430 




70 








Average .. 


275 


108 






.9762 




93.5 


70.7 


las. 5 


447 


819 


00 



Barometer at noon. :W.2 inches. 

Tent for maximum capacity. 

Throughout the greater part of the ti'Ht the feed pump \va^ run nt maximum eapaeity, the hei^t 
of water in the boiler being regulated by the adjustment of the burner. 

Tectt starts at 1 p. m., lighten flres at 9 a. m.: '275 pounds of steam at 10 a. m.; 8-inch forced dfaft 
at 12 m. 




OIL TESTS. 



193 



No. 45. — TeM of oil fuel in a Hohenstein water-tube marine bailer ^ March 14y lffO,i. 

[Four hours' duration with 3-inch f<»reed draft, for maximum capacity, using Oil City Boiler Works 

burner, under steam.] 



Draft pres^ure. 



Time. 



S 



; ^ 

I _^ 



Tube <'hani- 
ber. 



a: 

mm 



I ! 



C 






1 p. Ill 

l.lo p. m. 
1.30 p.m. 
1.45 p. 111. 

2 J), in ... 
2.15 p. m. 
2.30 p. III. 
2.45 p. 111. 

3 j>. Ill 



'A 
3.9 

I 3. 7 
! 3.7 



2.5 
3.2 
3 
3 



3.8 3.1 
3.7 3 
3.3 2.() 
3.3' 2.6 
3 



0.55, 1.4 
.8 ' 2 
.9 
.9 

.8 



3.15 p.m.. 3.3 2.() 
3.30 p.m.. 3.4 2.6 
3.45 p.m.. 3.9 3 



1.3 
2 

1.9 I 2 
1.9 ; 2 
2 ' 2 

.75 1.8 1.7 

.55, 1.6 

. 55 1 . 6 

1 1.9 

1 

. 55 1 . 8 
. 55 1 . 8 



4 p. Ill ... 
4.15 i>. m. 
4.30 p.m. 
4.45 p. 111. 

5 p. Ill 



3.9 3.1 

4 3.1 

4 3. 1 

4 3.1 

4 3. 1 



2 
2 

9 

10! 2 
10 2 



1.5 
1.5 
2 

1.6 
1.6 
1.9 
1.9 
2 

2 
2 



X 

a 

3 









3/ 






»-■ h 

' I 



V 



c 



si: 



a. 



1.5 —0.3 



2 — 

»> 

mm 

I 

2 

2.1 — 

1.9 — 



1.7 

1. / 
2 

1.7 

1.7 
2 

2 

2 

2 

») 

*« 



7 —.53} 



4 

4 

4 

45! 

3 

5 

5 ' 

— .6 

— . 5 

— . 5 

— .4 

— .4 i 

— .6 

— .6 

— . 5 

— . 5 



3 



1} 



Average ..! 3.7' 2.92 .83 1.87 1.82 l.tK) 



— .46 



3 



2.75 



Weather, clear and pleasant. 
Air openings into furnace, 3 n and 6 O. 
Steam pressure on burner, 20 pounds. 
Total pounds oil burned, 10,4eO. 
Total pounds feed water, 108.267. 
Total pounds steam for burners. \\:1W. 






/iw». /i>J*. /A*. 

460 i 

510 
494' 

495 

505 2,715 26,971! 852 

508. 

480. 

478. 

516 

478 

480 

516 1 

51 8J 2,310| 25,4:^5 852 

520, 

522J 

520 

522 2,850! 28,61lj 780 



2,585 27,240 755 



501 2,615 27,064 810 
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NAVAL ^'LIQl'ID KrKi/' REPORT. 



No. Ui. "TiKt «tf oil fiu'l In o JlohnMfrln mitir-tnhf mnriue 1ntiler^ April 9 y 19ff*i. 

[VAteht hoiipi' <liiriillori with rtHtiiml draft. Trxa« oil. iHiiii; H<N>th biinKT <,Santa Fe Ruilu-nys 

uinl«T >»t<*ani.] 



("alorliiM'tor. 



Tenipemture. 



IriMidc 



9 



I llIK* 



9.15 a. III. 
9..H()a. 11). 
9.4.') a. III. 
10a. III. . . 
10.17) a. Ill 
10.:U)a. Ill 
10. 45 a. Ill 

1 1 a. II). . . 
11.15 a. Ill 
ll.:{Oa. Ill 
11.45 a. Ill 

12 II) 

12.15 p. ID 
12.:U) p. 11) 
12.45 p. Ill 

1 p. II) 

1. 15 p. D). 
1..S0 p. II). 
1.45 p. II). 

2 p. HI 

2.15 p. 111. 
2.:U>p. in. 
2.45 p. ID. 

,'Jp. in 

.*M5 p, m. 
IVM) p. ni. 
.S.45 p. m. 

4 p. in 

4.15 p. m. 
4.:50 p. in. 
4.45 p. nt. 

7> p. ni . 

5,15 p. III. 

.Vvorao'. . 



s 
u 






s 



l.ht'. 

27(» 
270 

27:; 

270 
270 
272 
274 
275 



r 
r 



r. 



'I... 



w. 



c 

H 
■/•'. 

124 
110 
120 

lis 

110 
1 20 
120 
121 



275 


IIS 


27;; 


lis 


275 


120 


275 


120 


270 


110 


274 


12(» 


275 


12(» 


275 


120 


270 


120 


270 


12(» 


270 


110 


270 


120 


27t) 


120 


2(i5 


124 


'270 


12l» 


270 


120 


270 


120 


270 


120 


270 


\\s 


270 


121^ 


270 


120 


27l» 


lis 


270 


no 


JtW 


110 


.»"".» 


112 



271 119 



F. 

:;os 

400 
400 
89S 
4(K) 

;;os 
:;os 
:u»s 
:;os 
:;os 
:m\ 
:\\)4 
:im 
;;o() 
:m\ 
:\m 

4(X) 
4(H) 

:m 
:;o(i 
:UHi 
:;v»s 
:;os 
;;os 
:;os 

.H9S 

:{v»s 

4(H> 
4(H> 
4lH> 

:tt>s 



29S 
29S 
29S 
20S 
20H 
2i>S 
2ilS 
2t)S 
2^>S 
29S 
2^U) 
29() 
2^Hi 

2t>0 
2^H5 
29S 
2^KS 
2VM> 
2^H> 
2iM> 
2iHi 
2^Mi 

:uvs 
:uv^ 
:ios 
:i(H> 
:;os 
:uvs 
;u>s 
:;os 
:uvs 
:uvs 



i 



u. 



0.9S1(> 1.75 

.9S10 1 

.9S10 1 72 00 

.9S10 1 

.9S10 1.75 

.OSIO 1.75! 

.9S10 1.75| 7:Ul 00 

.9S10' 1.5 

.9S10 1.75 

.9S10 1.75 1.... 

.9Si;; 2 74 61 

.9S20 1.75 

.9Si:; 1.75 

.9818 2 

.9Si:; 2 75 02 

.9S1.S 2 

.9S10 2 

.9810 1.75 

.9820 1.75 78 (W 

.981;; 2 

.981;; 2.5 

.9805 1.75 

.9805 1.5 79 (vS 

.9872 1.5 

.9872 1.75 

.9872 1.75 

.9vS70 2 82 (i5 

. 9S72 1 . 75 

. 9870 2 

.9870 1.75 

.9870 1.5 88 (kSl 

.98vS0 1.75 

.9872 1.75 

.98;;i 78 i^A 





• 


< 

X 


^ k 


c 


£1 




c.i 


/* 




% 




X 


~ 


•r 


c 


•■ 


s 


K 


c 




«• 


i ■ 


s 


S 


?• 


s 


k 


9t 




s 


< 


'J. 


*' 


X 


°F. 


o /'. 


<=> /'. 


/^««. 


. 78 


330. 




90 


78 


;i30. 
;«4. 
;»4. 
;m. 




9(.> 


81 




90 


82 




90 


84 




90 


86 




90 


88 


33*;. 




90 


88 


336. 
334. 

;«o. 
;«2 . 




91 


88 




90 


87 




90 


88 




90 


m 




90 


89 


;^30. 
;«2. 
;i28. 
:«()•. 
:«o. 
;m. 




90 


88 


90 


88 




90 


88 




90 


JK) 


90 


88 




90 


W 


450 


90 


IK) 


334. 




90 


90 


334. 




90 


90 


336. 




90 


90 


:i36 


420 


90 


90 


:«6. 
;«6. 
:i36. 




90 


90 




90 


92 




90 


92 


;i:w 


560 


90 


90 


;t36 . 
;«4. 
:i3H. 




90 


90 




90 


88 




90 


1 88 


:k» 


420 


90 


90 


;«6. 




90 


88 




90 


88 


3:u 


462 

■ 


90 



Si*rt«>t irx-^ at "» "v> a in JT » jHUinds >toain at «". ^ a. m.: toM M»rl9 at 9.1^ a. m. 
\>t'*tlur ^ U\-*r an«l \»anu 

Kxr :nt»» :«r!ta«v <> !"» t.» IM\ .; axul .* -^ . H.l."> i.» I Iv ;i : 1.15 to oml. 3 And 2 3. 
onl\ the vvutt-r of the :!at nIi-miu jot mixt's with ihv oil. heiuvthobiiraoraiifioantobeeztniTafUit 



OIL TESTS. 
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No. 4(). — Text (tf (til fuel in a llohenMein inUer-tuhe marine boiler, April .9, 190S. 

[Eight hours' dunitioii with imtunil draft. Texas oil, u«ing Booth burner iSant*i Fe Railway), 

under steam,] 



Draft pressure. 



Time. 



9.15 a. m. 
9.30 a. m. 
9.45 a. m. 
10a. m... 
10.15 a. m 
10.30 a. m 
10.45 a. m 

11 a. m... 
11.15 a. Ill 
11.30 a. m 
11.45 a. m 

12 m 

12.15 p. ID 
12.30 p. m 
12.45 p. m 

Ip. m 

1.15 p. m. 
1.30 p. m. 
1.45 p. m. 

2 p. ni 

2.15 p 
2.30 p 
2.45 p 

3 p. Ill 
3. 15 p 
3.30 p 
3.45 p 

4 p. m 
4.15 p 
4.30 p 
4.45 p 

5 p. m 
5.15 p 



m. 
111. 
111. 

m. 
111. 
m. 

m. 
m. 
in. 



Ill 



Average. .. 



Tube 
chamber. 






B 
S 



0.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.211 
.21: 
.21 
.21 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.18 
.18 



0.29 
.2<) 
.29 
.29 
.29 
.29 
.2<) 
.29 
.29 
.29 
.29 
.29 
.29 

.29 
.29 
.291 
.27 
.27 
.271 
.27 
.27 
.271 
.27 



27 
27 



.18 


.27 


.27 


.18 


.27 


.27 


.18 


.27 


.27 


.18 


.27 


.27 


.18 


.27 


.27 


.18 


.27 


.27 


, •!« 


.27 


.27 


.20 


.28 


. 2H5 



0.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.27 
.27 
.27 
.27 



.27 
.27 
.27 
.27 






Flue ga.ses. 



I 




Xi 


^ 


3 
** 


X 




«ka 


V 


^ 


> 
5 


0) 

2 


< 


PQ 



ca,. 



o. 






0.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.26 
.26 
.26 
.26 
.26 
.2(S 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 







ed water, 
hour. 


^ 


I-' 




^^ 




E^ 


^ 


^^ 


^ M 




S^ 
^ 

^ 


bum 
boile 




u 


—^ 


^ 




S5 


9^ 


« 
f 


5 as 


H^ 


^r 


9i 


nt 


4> 




•<«<' 


»X4 


Uj 



0.36 
.36 
.36 
.36 
.36 
.36 
.lib 
.36 
.36 
.36 
.36 
. 36 
.36 
.36 
.36 
.36 
.36 
.34 
.34 
.34 
.'M 
.34 
.34 
.34 

.:u 

.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 



P. ct. I P. ct. 



n 



n 



0.46, 

.47 

.46 

.471 

.46' 

.46 

.45! 

.45 

.45 

.45 

.46 7 11.8 1 

.46 

.46 

.46 

.46 



Lhii. Lbn. ' Lbs. 



747 j 8,415 835 



750 8,828 945 



731 8,439 898 



2 



.46. 
.43 


1 


' "6s6*8,'63i 


"i,'639 


.43 


7.1 12.5 2 






.43 






.43 




tSSH) 8,064 


876 


43 


j 




. 43' . 


...J 1 u 






.43 


1 - 






.43. 
.43. 




757 8,697 


758 



46 
46 
46 
46 
46 
46 
46 



' 1 ' 1 








1 




i 


707i ^'■*"3 


720 


1 




::::::::::i'" 








1 




■.'.['. J .[.[ 6961 S.SiW 


722 



27 . .35 . 45 7. 1 



12 1.43 7201 8,443 849 



The burner can not be forced to any considerable extent, as no pressure <'aii l>e used on the oil 
which would be sufficient tt) overcome the drooling. 
Three burners ased. two large and one small. 
Pressure on oil system, 9 pounds. 
Total pounds oil burnefi. 5,758. 
Total pounds feed water, 67,5^13. 
Total pounds steam for burners, 6,793. 



b.-5/" 
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NAVAL ^* LIQUID FUEL" REPORT. 



No. 47. — TeM of oil fuel in a lIolwuMein vHiter-tulH' marine fntUeTy April 10^ J9M. 

[F<»ur hours' duration with 1-inch forciHl draft, TexaH oil. using Booth burner (Santa F<* Railway) 

under 8team]. 



Time. 



10a. Ill 

10.15 a. III. 
10.30 a. 111. 
10.45 a. m. 

11 a. Ill 

11.15 a. m. 
11.30 a. in. 
11.45 a. m. 

12 m 

12.15 p.m. 
12.:^ p.m. 
12.45 p.m. 

1 p. m 

1.15 p. 111.. 
l.:^p. 111.. 
1.45 p. m.. 

2 p. m 

2.15 p. 111.. 



Average 






f 

c 






270 
270 
270 

t 

275' 

I 

275 
275 
275 
275' 
275' 
275 
275 
27o' 
270; 
273: 
275| 
270 
270 



Calorimeter. 



g 



T,. T, 



a 






°K 


° K 


°F. 


120 


396 


300 


120 


398 


302 


120 


396 


300 


lis' 


394 


300 


128 


396 


302 


124 


396 


1502 


120 


396 


302 


120 


400 


302 


118 


400 


302 


118 


396 


:^oo 


118 


396 


300 


120 


39() 


300 


120 


398 


302 


119 


400 


300 


118 


398 


302 


120 

1 


400 


302 


120 


398 


302 



273 120 



0. 98:« 
.9840 
.9835 
.9842 
.9845 
.9845 
.9845 
. 9825 
.9825 
. 9835 
. 98^5 
.9^35 
.9840 
.9820 
.9840 
.9825 
.9840 



Ins. 

2.5 
2 

1.5 
1.5 
1 
2 

o 

6 

3 

3 

1.5 

1.5: 

1.75 

9 I 



Temperature. 



Inside. 



F. 



84 64 



87J' 65 



89i 65} 



90 



66 



98;i6, 



88 1 <)5 



S 

c 



OF. 
99 
100 
100 
100 
100 
100 
100 
102 
102 
102 
102 
102 
102 
104 
104 
104 
104 



102 



.0 



X 



378 
376 
374 
376 
378 
380 
378 
378 



375 



I ^ 



r 



II 



° F. 


OF. 


372 




372 




372 


540 


370 




368 




376 




376 


560 


374 




374 





655 



555 



s 

X 



Lbs, 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



578{ 90 



1 



Barometer at noon. 30.09 inchef. 

Teflt «tart8 at 10 a. m.: lighted flres at 6 a. m.: 27") |M>undH .«<team at 6.50 a. m.; l-inch forced draft at 
9 a. m. 
Weather, clear and warm. 



Air openings into furnace. 8 n and 2 O) 
Te8t endx at 2 p. m.. owing to lack of fu 



,f: 



fuel oil. 



Three bumen* in use &» follows: 3-inch, 2-inch. 3-inch. 



OIL TESTS. 



No. i'.—Tat offyil/uf! in a Jfohrmleiii iiyiler-tabe 



\e hoilrr, April 10, 1903. 



r' ilunllon w[tb I-lnch forred dnl 



loil. udng Boolh burner (Santa Pe Railway}, 







DiBftpremr?. 


«»^. 1 


1 

1 


1 
I 
1 

1 


\. 


\ 


Tube cham- 
ber. 

1 1 


1 
i 

S 


i 

j_ 

—0.45 

- .45 

- .45 

- .45 

- .4.5 


, 1 1 i 

0^. 0. lco,| 

P-rf. 1 P.fl. P.tt. 

275 


il 

Is 

II 


lOB-m.,..' ft 


0.281 0.2 


U». 


Urn. 




9 . 
9 1 
fl 

ft 1 
9 
1 ft 
9 ' 
10 
10 

: 

9 1 


2S 

28! 


2 
2 

2 
2 
2 
2 






1 Zs::z 






10.30 a. Ill 


1 J 












nft.m... 


[.... 2B0 


1,270 13,910 


SOS 




28 
28 
28 
28 

28 
28 
28 

28 
28 




- ,45' S.2 14,0 282 












12 m 

12.15 p. m 
12.30 p. m 
12.45 p. m 
1p.m.... 

1.15 p.m. 
1.30 p.m. 
1.46 p. m. 
2p.m.... 

2.16 p.m. 
Avcmirc . 


- .46 
-- .45 

- .45 

- .45 

- .46 

::« 

- .45 

- .46 




.. 280 

...J 281 


1,386 15,663 


843 


5 




.... 282 














1,240 14,367 


700 








8.2 11.8 


,2 280 






1 








1,350 15,113 






















Rl 


i^ 


i- 




- .45, 6.7 12.4 

1 1 


.,, ^ 


1,311| 14,781 


7B7 



ToUl pounds oil bumei 
Total poundi teed wale 
Total pounds ileani [or 
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NAVAL ''LIQUID FUEL " REPORT. 



Xo. 48. — TeM of itii Jiif! in a Ifoheimteiii mUfr-tuhf marine tutihr^ April 17 ^ 1904. 

[8ix hoiini' dunition with imtiirHl drnft, (alifoniia oil. u-sing B(M»th burner (Santa Fe Railway >. iin«l*r 

stfam.] 



Timt- 






I 






11 a. Ill 

11.15 a. III. 

11.30 a. III. 

I 

11.45 a. III. 

12iii 

12.15 p.m. 
12.:^)!.. III. 
12.45 1). III. 

1 p. in 

1.15 p. III.. 
1.30 p. III.. 
1.45 p. 111.. 

2 p. Ill 

2.15 j». III. . 
2.30 p.m.. 
2.45]). 111.. 

3 i>. Ill 

3.15 J). 111.. 
3.30 p. III.. 
3.45 p. 111.. 

4 i». Ill 

4.15 J). III. . 
4.:J0i>. III.. 
4.45 p. 111. . 

5 p. Ill 

A venijfe . . 



275 



272 



270 
275 
275 
275 
27(> 
275 



275 



275 



27<i 






275 



275 



275 



275 



275 



274 



275 



273 



275 



274 



275 



27H 



275 



3f 



'' F. 
122 

119 

120 

120 

120 

120 

120 

120 

120 

118 

IK) 

122 

122 

120 

I 
120 

122 

120 

120 

1 20 

124 

118 

120 

120 

124 

118 



275 V20 



ralorlmetfr. 



•f,. 



' F. 
398 

398 

396 

398 

398 

398 

398 

396 

39*) 

398' 

396 

I 

394 

394 

398 

398 

398 

398 

398 

398 

398 

398 

398 

398 

396 

3iM) 



Inside. 



I 



Temperature. 








ji 






i^ 


■ 1 




s 




%m 


X 


. 


i) 


^rt 


B 


h 


0^ 


X 

C 


2 


1 




a 





kl 






° F. 
3(K) 

306 

:^x> 

306 
3(H) 

30(): 
306' 
304 
306 

:m 

I 

306 
30() 
30<) 
306 
30() 
306 
30() 
3CH) 
306 
306 
30() 
306 
3(M) 



0. 9805 
.9805 
.9812 
. 98^5 
.98a5 
. 9805 
. 9805 
.9812 
. 9800 
. 9805 
.9812 
. 9820 
. 9820 
. 9805 
. 9805 
. 9805 
. 98(K5 
. 9805 
.9805 
. 9805 
.9805 

I 

. 9805 
.98a5 
.9812 
.9812 



2 
2 
♦) 

2. 25 



F. 



74 61 







8U 


62 










, 81 

1 


63 







') 

Am 

2 
2 
•> 
»> 

Am 

2 
2 
*) 

^ 

2 
2 

2. 251 82 ! 63i 
2 

2. 25 
2 

2 
2 
2 
') 
»> 
') 









' 8:5 


(VI 


1 


1 

85 


65 


1 


81 


63 



^ 

X 



I 



I 

c 



F. 


^ F. 


°/'. 


IJ»*. 


80 


328 




10 


80, 


336 




10 


80 


336 


490 

> 


10 


78' 


336 




10 


78 


336 




10 


80 


334 


, 


10 


82 


336 


530, 


10 


82 


:«6 




10 


82 


334 


....... 


10 


84 


334 




II 


84 


:«4 


1 
! 


U 


84. 


3.'i6 




11 


84 


:^36 




11 


88 


;m 




11 


84 


334 




11 


84 


334 




11 


84 


3:^ 




11 


84 


:«o 




11 


86 


330 


480 


11 


86 


834 




11 


88' 


:«4 




11 


m 


336 


• 


11 


86 


336 




11 


86 


a34 


450 


11 


88 


332 




10 


M, 


334 


487 


10. « 



Banqueter tit ncxm, 'Jl».77 inches. 

Ti-jit starled at 11 u. m.: liKhted tin's at t».4') a. m.: 275 ]M>uiid.H {tteam at 8 a. m. 

Weather, clear. 

Air openings into furnace. 3 l: and 2 0. 

Heaters as follows in ofK>ration: In .supply tank. &-6k foot leufrths with 2-12 f(K)t connectlona on bot- 
tom of tank at suction end: in main Hunce tank. 10-1 foot 9 inch length.s: in auxilliaxy soige tftnk,2-S 
fo<»t leuf^ths — all of 1-inch piiK?, usin^ steam at 125 pounds. 

Tem|>erature of oil in supply tank at n<K»n, 110 ° F. 



r)IL TESTS. 

lie! ill ■! /fiihtiifleiii iivler-liii 
iiiinil.lrad.rBllfomLaiiil, iwfHK 



ifT lioilfr, A/iril 17, . 



11 



.; 0.15 0.26 0.2 



J', ri. I lA: \ IJn. 
' ' 



12.15 ]>.m 
U>.30)..ni 



I.30i.,in.. 

1.4.^1.-111.. 

2p,.ii .... 

2.1.T1..11,.. 

!'.;«) p. III.. 
2.4.i|..iii.. 

:ip.m.... 

3..10i>.iii.. 
3.45 p. HI.. 
4p,m.... 
4.15 i>.m.. 
4.30 p.m.. 

5 p.m.... 



.21^ 
.2d 


:S 


.27 


,;i 


.28 


.25 


.27 


.3. 


.28 


.2.1' 


.27 




.28 


.25 


.27 


.3. 


.28 


.25 


.27 


.:*. 


" 


.25. 


.27 


.3 




. 23' 


.25 




.;mi 


.27 


.2K 




.27 


.23 


.25 






.23 


.25 


,;i. 


.27 


.23 


.25 


.3. 


.27 


.2:1 


.2.i 


,3. 


.27 


.24 


.21 




,28 


.25 


.26 


.3. 


.■•» 


.25 


.26 


.;i 



.28 .25 .26 



.16 



800! 8,048 8;t5 



771 lt,0«0 !t35 



704 7,986. 878 



.25; .26 .;» .45.. 



.2.5' .26, .3.1 .43.. 
,2.'j .26 .35 .44 



Aboiil GO pound!! ■: 



.._ „, _ _nii«li>n from i»n 111 hrldgfW"!! Ill fiinuu 

TtirM bumen in tuc {per cent compare vliFi niii ot Apnl »i. 

TempetBlureofoll In weigh lank, 110° F. 

Hleam prtmiireon bnnier |Scot«h boilvri, ovenge.WpouiHlB. 

Total poiindK oil burneil. i.ill, 

Totnl pounds feed wHter. S1.7<6. 

TotBl pounds stonm for buniiri', ft.*'*. 




HAVAL "LIQriD Kl'KL REPORT. 

-TeM ufMlfu.1 in ,1 IhiUrii^i-ia '•■■iler-liifif „Mi-ii<f li'tilT, .l,,ril 18, 190-1. 
liiniiLiiii Hlili l-tti.-li (iiri'wl (Irnlt. CulUomiR "H. u»lnif Ko.ili buniiT iKunu F.- R< 



10.1.^11. i: 
lO.:tO a. 1 
^Vl.ih u. i: 

11 H. Ill . 
11.1J)H.II 

11.»l II. II 

11.45 II. |] 

12m.... 
12.1511. II 

12.:!0|.. II 



:.'7ii la) ;WK :»(i 



27.^ ISO ;W8 



■>!?, IIH ;fi« 2SW 
ilh 120 :«« :tai 



t ln.ir> ,1.111.: II|[M<- 



HH4() 2 








«R40 2 
(PK-2.T 2 


K2 (Ml 


lt8-.'.i 2 




«K4() 2 




•iKiTi 2 


N.-t (« 


»««; 1.7. 
l«2d 2 




«822l 1..^ 




iW22, 1..T 


»4 (Li 


!«:t5' 2 




!iK22l -2 




'.Wiv\ 2 




HH32 2 


m IKl 


HWI 1.5 




.SOL-I 1 





UK :t>4 500 11 



.^52 6S6 10.9 



OIL TE8T8. 201 

No. 49, — Tato/oU/ri^l in it HoheiutHn imUr-lube viaritu livUer, April IS, laat. 
[Four hours dimtlou wLIli Minh lorced Anil. CalUornfa oil. uiiiBg Booth ImmiT (SanUi Fe R«il. 







I>™ 


tp™. 


.». 






n 


..„ 


.. 


1 
i ^ 

5 ■ 1 

1 1 

1 1 
1 1 


* 

1 








Tube 
chuaber. 


1 


CO,. 


„. 


CO, 


il 




1 


1 


1 

1 


1 

■5 

1 

0.. 


5| 




-0.2 
- .2 




f.«.!A,. 


'* 


10.30 a. m . .25! .25 
















1 ■" 




280 

280 

281 1,32)^ 13,682 

28ol 




11a. m .25 .25 






ll.lSa.in.' .25 


.2.^ 
.25 
.25 
.25 


- .2 - 

- ,2- 
.2- 

-,2'- 

,1 


. .' 1 

1 


.,2« 


11.45 a.m. .25 


8. 2! 10, 8 0, « 


2»l ' 


12.1S p. ni. 
12.30 p. m. 


:25 
.26 


! 




.25-,.- 
.25- ,2- 

.25L .2- 


1 
1 ■ 












- .4 

- .4 

- .4 
.4 


' 1 






1.15 p. m . 
1.30 p. m . 
1.45 p. Ill . 
2p.n.-... 

2.16 p. Ill . 


.2. 
.26 
.25 
.26 
.25 





II. 2 1.6 


280' i.-Jf-h 13,808 

=«>; 

281 


903 



.25 


-4- 


1'- .4 






280 1,222; 13,031 «:i5 


Average .. 


.25 


.2 


- .2- 


v-\-t_ 


1.1 


280 1,;!0» 13,764 

1 


1,0»4 



n™lt |.ri'-»un.- 1 

Tolalif.'rmd»'^^f 
Toial pouiidBfc 
Total IBjuUlla »1 



furnaci'.'o.W Inch. 



N 
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NAVAL ''LIQUID FUEL REPORT. 



N(i. 50. — 7VW of ltd futi In a IIi)hein<tein imter-tutpe marine WtltTy Aifril JO, 190:i. 

(TlmM- hoiip.* diinttion with :i-iiuh f«»n»«l flmft. California oil. iwIiik B<»otlj burner (Santa Fe Rail- 
way). un<l«*r wteam.] 



CalorinH'tor. 



TemfwrHturi*, 



Tlm«'. 



12 m , 

12. 15 p. Ml 
12.:{0p. Ill 
12.45 p. Ill 

1 p. Ill 

1.15 p. Ill . 
l.aOp. III. 
1.45 j>. Ill . 

2 p. Ill 

2. 15 p. Ill . 
2.:U)p. Ill . 
2.45 p. Ill . 
1< p in 



1^ 

I 



c 
'J. 



Lhn. 



275 
275 



275 
275 
275 



275 



274 



275 



275 



275 



27H 



275 



-»7.-» 



T,. 



K 
a 

124 
118 
12() 
12() 

lis 

118 
118 
118 
114 
110 
11(> 
120 
112 



:\m 

394 

3m 

392 
3*H 
3iHi 
39ti 
396 
:I96 
3m 



Iniildo 



O 1' 






/hh. 



c 



F. 



O V 



2^m 0.9812 2 , 

296 .9812 2.5 

2^H .9808 1.25 85 68 

2^H) . 9785 1 

286 .9762' 1.5 

294 . 9808 2 

2iHi .98:^0 2 84 70" 

2^H> . 9820 2 

2?W . 9822 2 

WO . 98:^5' 3. 25 



2981 .98221 2 



2t)8 .9822 1.75 
2*J8 . 98;)0' 3. 25 



84 70 






r 



£i5 






117 



9S13 84 69 
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c 




Im 


0» 

1 


1 


S 
1 

X 




o/'. 


o>'. 


'^K 


/iw. 


96 


402. 






90 


96 


408. 


1 




90 


96 


404 


"700 




90 


96 


:wo. 

,366. 

:i68. 
:«2 






90 


96 




8H 


94 




90 


96 


'> 750 

1 


90 


98 


370 . 

:i62. 
:«6. 
:)60 






90 


96 




90 


96 




90 


96 


*7«0j 


90 


96 


374. 






90 


96 


376. 


: 




90 


96 


378 


74:^ 




90 



•» KstiinattMl: pynunotrr n«»t working: loa*! nu*li«« j»lowlv. 
M>>timHUMl. 

Ti*!«t startiMl at luxm: liKhtt>il tin*?! at ('»..V^ a. m.: 'J7.> imuntU stimm at A.'JO a. m.: 1-inch forced dmft at 
10.1.% a. m.: H-iurh fon^Ml ilrnft at 10.t.^a. ni. 
Willi hor. ovorfa-M. 

Air oiH'niniP into funiaiv. 3 .. an«l 2 0. 
Thrw bunion* in um*. Tho Imniors a)>|H^r ii» ro«juiri* i*i»n>t«nt altentiuu. 



OIL TESTS. 203 

No. 60.— Tint of oil fud in a Hohentlein water-tube marine boiler, April SO, 1903. 
[Tbree hodn' duiatlOD wllb S-inc^h [urceil drsCl. Caliroraia oil, using Booth burner (Santa Fa tUll- 





Dn.,,,™.,,. 


1 


3 

1 
I 

s 

1 

1 


I 
I 
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1 

i 

i 


1 




1 

1 


s. 


j 


Tnl^oham-! 


2 

s 1 
II 

Hi 


ii 

f 


Time. 




1 


12m 


3 
3 
3 
3 
3 
3 
3 
3 


2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 


1.4 
1.3 

11 

1.3 
1.3 
1.3 
].3 
1.3 
1.3 
1.3 
1.3 
1.3 






OH 


-0.46 

- .45 

- .45 

- .46 

- .45 

- .46 

- .45 

- .45 

- .46 

- .46 

- .45 

- .46 

- .45 


.... 
2 

u 


470 
4«8 
470 
467 

,„ 

465 

486 
460 
460 
460 
460 
461 
458 


Uit. 


Ua. 


IJa. 


12.15 p. m 
12.30 p. ni 
12.45 p. m 
1p.m.... 
1.15 p.m.. 
1.30 p. ID. 
1.45 p,m. 

2p.m 

2.15 p.m. 
2.30 p. m . 
2.45 p. m . 
3p.m.... 


;:: ;::! 

1.4 1.2i 
1.4 ..2| 
I.4I 1.2 
1. 4 1. 2: 

,.,1 ,.2i 
1.4 1.2 
1.4 1.2' 
1.4' 1.2J 




5 
5 
5 

6 
5 
6 
5 
5 
5 
5 
5 




















l,9flfl 


19,109 


1,124 














2,089 


20,392 


1,380 














1,976 


IB.fflM 


1,374 


Averap! . 


' 


2.3 


1.3 


.,, ,,; 


5 


— .45 


1.2 


4« 


2,007 


ID, 702 


1,298 


Adepoelto 


fcrbo 


form 


-dont 


„.c. 


bridge wl 


^ 


Inpret 


loo. 


M. 









Pranure on oil eyMem. 10 ponndB. 
TotAl pouD<lH oil burned, 6,021. 
Total pounds feed wnler. 5e,l05. 



NAVAL "LIQUID FUEL" BEPOBT. 



Su.f.\.—Te«lofoU/,ulh. 



a Ilohentleiii utilfr-tubt imirine IxnUr, April SI, 190S. 

latcvA dislt. Calltiirnla oil. ludii; BaMh borner (Suibi ft Rail- 



11.45 It. II 
12in.... 
UM5p.ui 
12..-)ilp.iii 



H.K>|>.Mi 
St.X> i>. III 
3.^.-i|...., 

4.;irt t>. 111 
. 4.4.MV1. 







1 

1 






i 


Q- 


-^ 1 


1 

1 

1 

SS4 


1 1 


1 
1 


i 




124 


.■flWl LfW, 11.9812 
.w! lW .9S12 


1 


•r. 


9a 


°/: Ua. 
' 25 








370 1>5 









'A» ILM .HXi 296 .flSl:! 

aw lis ;{!Xi 2!>6 .WIS, : 

Ssa lis :W(> iW -Wii' : 

2b: 12tl :W2 2W ,(1815 : 

2(i.*i I2l» :m 2!>fi ,!»82() 



«t 370 23 



90 370 «65 23 



1-M. 



.!"S1H. 



90 366 ««5 23.6 



2tt:« 120 394 2<l4 .9S0S 2. .1 

2«! 12<l ;{94 291 .9S0S l.-i 

2tlK 124, ;t92 2lM .9Sl.=i 1..1 

2lC 12lt ;«M 291 .9StlS 2 

270 12lt 39H 294 . ItSOO 2.1 

270 12(4 :W(1 291 .9SV 1.-1 

2siJ 12lV ;a>4 292 .V7ie> 1.7 



»1 366 785 23 



2!M 



> 1.-1 



tiiV.^ 94 361 780 23 



»2 364 722 33 









StMim )-H-*t-.n' t« 










OIL TEST8. 



No. 51.— Tat of oil fuel in a Hohemtan w 



life manm boUer, Aprii SI, 190S. 
. oil, luing Booth burner (Santa Fe Ball- 





Draft prewnre. 


Plllfl gBH». 
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i. 
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1 

i 
1 

1 


1 




TDbe Cham- 




1 
1 


CO,. 


o. 


CO. 


Time. 




1 


li 




1.3 
1.3 
1.3 
1.3 




-0.45 


p. ft. 


P.w. 


F,eL 




466 
464 

464 

46ft 
464 

465 
466 
464 
464 


u.. 


""■ 


Un. 






















l.ll .4-.4& 


4 


U.2 


0.4 


' 


























1,532 


13,966 




I2.15p.m.[ 1.3 
I2.30p.in.| 1,3 














.4 -.45 
.4 - .45 








i 




















Ip-m 


1.3 










1,480 


12,963 












, 
















464 


1,50b 


13,464 






















Spm 






.4 - .45 
.4 -.45 
.4 -.45 
.4 '- .45 
.4 - .45 
.4 - .45 
.4 I- .45 










455 
456 
4» 
455 
460 
458 
456 
458 
466 






















3.30p.m.. 1.3 
3.4Sp.m..' 1.3 
■Ip.™ 1 1-* 


5.2 


14.4 





I 






















1,43S 


13,034 






















J 
















op-i" 


1.3 


.4 


- .45 










1,362 


12,470 


077 


















457 


1.395 


12, 7.52 




tolhmne 




















,., 


1.1 


.4 


- .45 


4.6 


14.3 


0.2 


1.37 


460 


1,4. 


13,108 


™ 



Air openlngK inio lu 



2 G and 20 aquare incbes; iiilddle,C] and 276 eqiuue incbea. 
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NAVAL ''LIQCID FUEL" BEPOBT. 



No. 52. — TeM of oil fuel in a HohtnMein xcater-lube marine InnUr^ April 22^ 190S, 

[Two hours' duration with 3-inch forced draft. California oil, using Booth homer (Sftnta Fe BAawmyK 

under steam.] 









Calorimet 


er 

tr. 


1 




Temperature. 


















i 












i 




1 

p 
X 


• 

«^ 
^» 

c 

3 
C 


T,. 


OF. 


Q. 


1 

1 

! 

: ! 

: \ : 

i ? 

Jn$. 1 

■ 1 


Inside. 


m 

C 

X 

MM 

•< 


1 

X 


1 

i 

1 


E 


Time. 






E 

X 




°K 


°/: 


o/: 


o/l 


op. 


IM, 


11 a. rn 


268. 


120 


39() 


294 


0.9800 


: 1.5. 


.... 




86 


365 




90 


11.15 a. m . 


2^57 


120 


394 


292 


.9795 


1.5 . 


.... 




86 


366 




90 


11.30a. Ill, 


26H 


120 


:^J6 


294 


.9800 


1.5 




59} 


86 


360 


760 


90 


11.45 a. Ill . 


270 


118 


394 


292 


. 9795 


1.5. 






86 


360 




90 


12 III 


275 

270 

. 2(>8 


120 
124 
118 


396 
392 
396 


294 
292 
292 


.9800 
.9805 
.9790 


1.5 






88 
88 
88 


358 
360 
360 


775 


90 


12.15 p. in 
12.30 p. ni 


1.5 
1.5 






90 


78 


59 


90 


12.45 p. Ill 
1 p. m 


268 
266 


120 
120 


:i94 
394 


292 
292 


. 9795 
. 9795 


1.5 






90 
8a 


364 
360 




90 


1.5 






90 


1 








Averaj?e. . 


269 


120. 






.9797 


! 
, 1 


78 


59 


• 87 


362 


767 


90 











Barom<rter at no<m. 29.81 inches. 

Te$«t startfl at 11 a. m.: lighted fircM at 7 a. m.; 275 pounds steam at 7.60 a. m.; 8-inch fofced dimft At 
10 a. m. 

Weather, clear. 

Air opening int*) furnaces, 2 "T and 20 square inches. 

I>epf>oit of carbon on bridge wall and f>n false bottom to within 6 inches of bonier, dgmofiitimUng 
that oil was not well sprayed, i. e., not sufficiently atomized during the last boor. 



OIL TESTS. 207 

So. 52.-7^ of oil fiieliti a Hohautein miler-luU nuirine boiUr, April 2-2, 1903. 
rwo hours' duntton irlth 3-lDch torccci d nit, Cntlfomia oil, using Boolh buincr (Santa Fe Rallwaj-), 



1 1 III 



1.95. h 1.2 



12.15 p. u 
12.30 p. II 
12.45 p. 11 



Tolal pouuda oil bur 
Tola! pounds [«ed w. 
Total pounds nteam . 



—0.26 




— ,25 


1 


— .25I 


r 


— .25 


' 


-.35 




-.45 




- .45 


1, 


- .4S 




-.45 





46e 1,348 12, 150, 879 



45» 1,408 12,4 



,HR. 457 1.37H 



•% 



NAVAL "UQDID FUEL " BEFOBT. 

—Tat of oU /lid 



HoheiuUin amler-lube marme boiUr, AprU t3, lOOS. 

Boolb bonier (BkDlc Fe Ball- 



11a.m... 


'26h 


ll.ir>g. Ml. 


274 


11.30 a. Ml. 


2tH 


11.4na.iii. 


L>40 


I2m 


■>M 


12.1^1>.ni. 


aw 


12.301.. 111. 


370 


12.4Si>.iii. 


■Jtt.', 


1 p. ....... 


■XTy 


Avi'mp' ., 


■JM 



ia-2 3W 2tt6 I 

124 \m 

120' :m 2w 

120 :m a«i 

111! am 2M 

122 W 2t(4 

1211 :wtt 2*1 

12(1 :nM 2iH 

120, 3«2 2«4 



,it820, ] 

,9820, 1,2^ 75 I 57J 

.»820 1 

.HHOO 1 

.WHW' 1 

,»H00' i.a TU)| 57} 

.mm, 1 

.SWl.T 1 



12(1 9812 



Air ■nH'tiiiW' liilo liirniHiv x aikI 40 iiquarv In 



354: 

36^ 
850 

sse 

SF>6j 

382 

sua 



T.U a. m.; Moth loitcd dimR 



OIL TESTS. 
— 7V«t of oil fuel in a Hofwntlem vxder-bAe 



manne hoiltr, April gS, 1903. 

:. lulog Booth burner (S«dI« Fe Rail- 
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D»,tp™«un., 


1 

■s 


1 

1 


1 

i 


S" 










Tube 

chambei. 






if 


Ttnie. 


1 


I 




1 


i 


1 


^„ 


1 


1 


i 

s 

J 


1 


5 


1 
1 


f 








lit. 


Ui. 


Lbt. 




20 
26 
26 
26 
26 


3 
3 
3 
3 

3 


ii 

1.96 


1.15 
1.15 
I.l 
1.15 

1.1 


1.2 
1.2 
1.2 
1.2 




..4 
.45 


-ass 

- .45 

- .45 

- .45 

- .45 


466 

458 
456 
456 
466 


































1,373 


11,243 


678 


12.15 p.m. 


•m 


R 


1 95 


1 1 


^ ; 






- .45 


4W 


























d 








12.45 p.m. 


26 


3 


1.95 


l.I 


1.2 






-.45 








1p.m.... 


26 


3 


1.96 


1.1 


1.2 




.4 -- .45 


45ft 


1,275 


10,889 


703 


Average . . 


25.4 


3 


1.95 


1.12 


1.2 




..--.u 


'" 


1,323 


11,066 


690 



210 



( ( 



11 



NAVAL *' LIQUID FUEL BEPOBT. 



No. 54. — Test of oil fuel in a Ilohemtein yxUer-tnlte marine Itoiler, April £4, 190S. 

[ThriM' hourh' duration with 3-infh fortiHl draft, C.'Alifomia oil, iiKiiigr Booth burner (8anU Fo Kail- 
way), iiudor Mtoam.J 



Time. 



2f 
I 

if 



I B 

I I 



I 



2 p. Ill ... 

2.15 p. 111. 
2.:i0p. m. 
2.45 p. 111. 

3 p. Ill . . . 
3.15 p. 111. 
3.3()p. 111. 
3.45 p. 111. 

4 p. Ill . . . 
4.15 p. III. 
4.30 p. 111. 
4.45 p. III. 

5 p. Ill 

Avonijre . 



262 
260 
264 
2()5 
2(>8 
2(i5 
2(i8 
273 
2()H 
265 
2(W' 
270 
270 



Calorimeter. 



^ 



T, 



I I 
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120' 
120 
124 
124' 

I 
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120 
124 

I 

118, 
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118, 
116 

120' 

I 

267 120 
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I 

392, 
3% 
39(J 
400 
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1 



398^ 
400 
400 
400 
400 

398 

I 
398 

400 

400 



21>6i 
296' 
296" 
2tH) 
2^>6 
29t) 
21H>' 
29<) 
21>6, 
296 
2VH> 
21H)| 
2^H5 



0. 98:10 
9812 
9812 
97a5 
9805 
9795 
9795 
9795 
97a5 
9805 
98a=S 
9795 
97^)5 
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*> '\ 



9803 . . 



Tcmpi^rature. 
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c \ ^ < 



"/'. ^/'. ° F. 



62 
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1.5 

1.5 85 

1.5 
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1.5 

1.5 85 ' 62 

1.5 



98 
96' 

I 
97 



1 87 
1.5.... 



96. 

96 

96 

.. 96 

.. 96 

62. 96 

.. 96 

..' 96 



* 

X 

376, 

376, 

376' 

374. 

368|. 

388. 

im! 
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37H 
376' 
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I 
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840 



905 



I 



90 
90 
»0 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



85.7 



62 96 374 867 90 



Tost starts at i> |). m.: liKbttxl Arcs at 7 a. in.: iKiilrr under steam during forenoon; forced draft at 1 
p. m.: ;V-ineh fon-itl draft at 1.30 p. in. 

\V«»ttther. elear. 

.\ir oiK'ninK" into furnaee. 3 " and 3 0. 

Pii;«-over valves on humors were kept .«litrhtly oraeketl duriny Hr»t two houn, thus admitting steam 
into oil pa.>«aKes. This by direi'tiou uf the representative of the Santa Fe. 




OIL TESTS. 



No. 54. — Te»t ofoilfiiel in a Hohen^ein ii'oter-lube ». 



If 6oi"fci-, April S4, 190S. 
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NAVAL *' LIQUID FUEL BEPOBT. 



No. 55. — Tett of oil fuel in a Hohengtein water-tube m€trine boiler, AprU jf7, J SOS. 
[Four houre' duration with natural draft, using Macdonald burner, nnder iteam.] 



Time. 



12.30 p. m 
12.45 p. m 

1 p. m ... 
1.15 p. 111. 
1.30 i>. m. 
1.45 p. iJi. 

2 p. m ... 
2.15 p. 111. 
2.30 p.m. 
2.45 p. m. 

3 p. Ill ... 
3.15 p. 111. 
3.30 p.m. 
3.45 p. m. 

4 p. Ill ... 
4.15 p. m. 
4.30 p.m. 

Average 
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a. 



OQ 



265 122 




Temperature. 



262 
265 
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268j 120 
265j 118 
264 124 
262! 124 
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122 


265 
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265 


118 


265 


119.6 



° F. 
398 
400 
400 
400 
400 
406 
402 
404 
402 
406' 
406 
406 
406 
406 
404 
406 
406 



° F I 

302 0.9840 
306 . 9855, 



308 
308 
308 
308 
306 
308 
308 
308 
308 
308 
308 
308 
308 
308 
308 



. 9870 
. 9870' 
. 9870| 
. 9843j 
.9850 
.9852 
. 9860 
.9843 
. 9843.' 
.9843 
. 9843' 
.9843' 
. 9852' 
. 9843' 
. 9843 



119.6 1 .9850 



Inside. 



i 









Ins. 


: °F. 


oj. 


2 






2 
2 


• 

85.5 


66.5 


2 






2 






2 
2 


92.0 


69.0 


9 


1 


2 




2 
2 


91.0 


65.0 


2 




2 





91.5 70.0 

2 ' 



90 67. 6 




Test Htarts at 12.30 p. m.; lighted fires at 7 a. m.: 275 nounds steam at 7.50 a. m. 
The tcMt waM delayiHi in starting by the clogging of ail the burners at about 11 a. m., necoHltatliig 
their withdrawal. 
Weather clear. 
Air openings to furnace, 3 D and 3 0. 



No. 55.— rerto/oa/wiin 
[Pour hoim' dnntlon wl 



OIL TESTS. 21 

I Hvh^iutein valer-lube marine boiler, April fj, 1903. 
1 natunt dnll, lulng Hacclon&ld burner, under neam,] 



12,30 p. I 
12.45 |i. I 
1p.m.. 
1.15 p,m 
1.30 p. HI 
1.45 p. in 

2 p.m.. 
2.15 p. m 
2.3U p. Ill 
2.45 p. m 

3 p.m.. 
3.15 p. m 
3.30 p. m 
3.45 p. m 

4 p.m.. 
4.15 p. m 
4.30 p. Ill 



40! .15 .27 



MO 40| .14 .27 .24 .27; 



I 10,229 1,264 



875, tl,723. l,l»7 



821 fl, 5W 060 



^ 



214 
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NAVAL *' LIQUID FUEL REPORT. 



No. 56. — TeM of oil fnd in a HohenMein uxUtr^nf^e marine hoUer, May 4t J90S. 
[Four hourM* dunttion with natural draft, California oil. using Oil CMty burner, under ateam.] 





1 • 


• — 


(• 


alori meter. 






TemperatUN 


1. 








Inside. 




■ • 


• 


Time. 


u 

h 

1 

t 


T 
u 

mm 


T,. 


T,. 


Q. 


• 

1 

u 

S 


1 
1 

'6 ^ 


• 

i 

g 
g 

xs 
u 

< 


M 
C 

S 
1 

c 


E -3 
s § 

1 i 




1 


° F. 


^ F. 


° K 


/n*. 


^^Z-. 1 OF. 


OF. 


OF. 


OF. o ^, 


11.15 a. 111. 


270 


110 


404 


306 


0.9840, 1.75 




82 




328 


11.30 a. m. 


265 
260 


110 
112 


404 
406 


30f> 
;i06 


.9840* 2 
.98:^0 2 




88 
88 


1 

160 


332 


11.45 a. 111. 


83 ' 66 


332 575 


12 ni 


267 
270 


120 
124 


40() 
406 


306 


.9830, 1.75 
.9830 2.25 


< 


86 
86 




332 


12.15 p. lu. 




328 


12.30 p. ill. 


260 


120 


404 


30(> 


.9840 2.75 




90 




328 


12.45 p. in. 


270 


120 


404 


:^06 


.9840 2.75 


83J 65 


88 


160 


328 560 


1 p. Ill 


2(y> 


120 


406 


30(5 


.9830 


2. 25 




90 




328' 


1.15 p. m.. 


270 


120 


406 


:^06 


. 9830 


2.5 




88 




330 


i.:^p. 111.. 


26S 


120 


406 


306 


.98:^ 


1. 75 




90 


..... 


332' 


1.45 p. 111.. 


i 270 


120 


406 


:i09 


.9830 1.75 


83 68 


86 


160 


332I 580 


2 p. Ill 


= 268 


120 


404 


304 


.9828 


1.5 


I 


86 




330- 


2.15 p. 111.. 


270 


120 


406 


306 


.9830 1.75 




88 





334* 


2.30 p. 111.. 
2.45 p. m.. 


268 
1 267 


120 
120 


404 
406 


306 
306 


.9840 1.5 




88 
90 


160 


338: 


. 9^30 


1.5 


85j! 69J 


33a| eoo 

1 


3 p. in 


263 


120 


406 


306 


.9830 


1.5 


1 


86 




H 


3.15 p. m.. 


270 


1201 

1 


406 


306 


.9830 


1.75 




86 




336 


Average ., 


267 

1 


119. 

1 






.98;w 




84 67 

1 


88 


160 


332 579 



Tcflt starts at 12.15 p. m.; lighted fires at 6 a. m.: 27r> jiounds steam at 7.10 a. m. 

The test was delayed by trouble in heating the oil. 

Weather, clear. 

Air openings into furnace, 3 Cij and 100 square inches. 



OIL TES'ra. 
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No. 56. — Test of oil fuel in a Hohenstein water-tube marine boiler. May 4, 190S. 
[Four hours' duration with natural draft, California oil, using Oil City burner, under steam.] 



Time. 




Draft pressure. 



0.24 
.24 
.25 
.25 
.25 
.25 
.26 
.26 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 



.25 



0.27 
.27 
.27 
.27 
.27 
.27 
.28 
.28 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 



.27 



Tube cham- 


i 


ber. 


fM 




•c 


1 




o 






' 


V 






XJ 






oc 






Ji 












mt 






■^ 


• 


• 


^ 


c 


M 


> 




% 


E 


£ 


n 


< 



0.35 
.35 
.361 
.36' 
.36| 
.36; 
.36* 
.36' 
.35 
.36 
.36 
.38 
.38 
.38 
.38 
.36 
.36 



.36 



S 

Vi 



n 



0.46 
.45 
.45 
.45 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.48 
.48 
.48 
.48 
.48 
.48 



.46 



0; 



1 



l-i 

9 
C 

K 



O 

x: 

u 
O 
P. 

o 



Jjbs. 



IJts. 



.94 



855 9,616 



794' 9,089 



765 



820 



9,149 



«i I- 



0) 



0) 






Lbs. 



704 



r60 



866 9,365 732 



8, 525 730 



731 



Six burners in use. 
Total pounds oil burned, 3,280. 
Total pounds feed water, 36,595. 
Total pounds steam for burners, 2,926. 
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NAVAL ** LIQUID FUEL REPORT. 

N<». 57. — Te»t of oil fuel in a Ifohensiein water-tube marine boiler ^ May 5, 190S. 
[Six houra duration with natural draft, uning Oil City burner, under Hteam.] 



Calorimeter. 



Temperature. 



Time. 









10 a. Ill .. 
10. ir> a. Ill 
10..S0 a. Ill 
10.45 a. Ill 

11 a. Ill .. 
11.15 a. Ill 
ll.:iOa. Ill 
11.45 a. Ill 

12 ni 

12.15 p. Ill 
12.:{0 p. Ill 
12.45 p. Ill 

1 p. Ill . . . 
1.15 p. 111. 

l..'il) p. 111. 

1.45 p. III. 

2 p. Ill . . . 
2.15 p. 111. 
2.:Wp. III. 
2.45 p. III. 

O p. Ill . . . 

:^. 15 p. III. 
:i.;U> p. III. 
iv45 p. 111. 
4 p. Ill ... 



S 1 








• 




't 


«M 




a 
t 

X 


2 

B 
H 


Ti. 


7m.. 


° F. 


° F. 


270 


120 


4(>4 


2«0 


110 


4M 


270 


122 


404 


270 


120 


406 


2(15, 


120 


4(M 


2(W' 


118 


40t) 


2tys' 


120 


406 


2tJ<>' 


120 


4(^ 


265 


122 


404 


2t)S 


120 


404 


2t)5 


120 


40tJ 


270 


12(» 


4tH) 


270 


120 


406 


2(V> 


122 


404 


270 


120 


404 


2tiS 


120 


4(H 


27:v 


120 


4(M 


270 


124 


406 


2tW 


12t) 


40ti 


2(i5 


120 


4lM 


2»i5 


12t) 


4(H 


2tC>' 


120 


4(M 


27.1 


120 


4lM 


2?i(> 


12l> 


404 


2<iS 


lis 


4(M 



T,. 



9 



Inside. 



Q. 



I 






s 



«: 



a 

s 

t 



1^ ^ 



g 



>l 



'MW 0.9828 
9828 
9840 
98:^0 
9828' 
98;iOJ 
9830 
9840, 
9840' 
9840' 



O V 



306 
30<> 

\m 

:iO*i 
\ms 
:uV) 
:^)6 

306 

:u)6 
;^>4 

.302 

:{04 

,306 

,3(M 
.304 

:i04 
:i04 



2ti7 12l» 



98:u): 

98:^0' 
98:U)' 

9828^ 

9828 

I 

9S15 
9828 
9S:{0 
9830 
aS28 
9828 
9828 
982S 
9828 
982S 



9S3i> 



;> 



T«'>t i^iart'^ Mt 11 H. m. 

IVnltT it»nt«iiu>! ."» KHiIons <•{ Kinorai«l t»il ovemiirhl. 

Blown out and n>iiiUM in morning. 

Weathor. oK'ar. 

Air op(Miinir>> into (umaiV ;i ami UO Mjuarx- im-hoa. 

Six bunicr» iu umt. 



F. 



F. 



I o 



0«..«. ,- 


5 85 

1 


68 


i 




84i 


66} 


o 



5 86i 68 

'■) 

.1 

o 

5 91 70 

5 

;> 



8U 69 



88 70 



87 



F. 
82' 
88 
86 
86 
86 
86 
92 
88 
88 
86 
86 
90 
90 
90 
90 
88 
90 
92 
90 
90 
90 
88 
88 
89 
88 



o/'. 



op. 

334 

336 

336 &40 

338 

338 

338 

342 590 
344 

iVt*! • • • • • 

344 

340 600 

340 

340 

340 i 

342 58o| 

344 

342 

344 

342 60o' 

340 

340 



* V^v •«••*] 



340 590! 

*10 ' 

j 



IJm. 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



68 88 340 600 90 

i 



OIL TESTS. 
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No. 57. — Test of oil fuel in a Hohenstein waier-tube marine boiler y May 5, 190S. 
[Six hours duration with natural draft, using Oil City burner, under steam.] 





Draft pressure. 


Flue gases. 


■ 

9 
O 

I 

•s 

a 

3 

o 


• 

hi 

9 
O 
A 

S. 

OS 

I 


^ater, 

ir. 




i 


1 

a 
o 

X 

S 

1 


Tube cham- 
ber. 


Above tubes below 
drums. 


• 

o 


CO,. 


0. 


CO. 


Steam for burners ( feed \i 
special boiler) per hou 


Time. 


■ 

£ 

0.24 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.24 
.24 
.24 
.25 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 


• 

& 


10 a. m 


0.16 
.17 
.1/ 
.17 
.17 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 


0.27 

.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.26 
.26 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 


0.27 

.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 

.28 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 

! .26 

1 


0.36 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.35 
.35 
.35 
.35 
.3,5 
.35 
.35 
.35 
.35 
.35 
.35 
.35 


0.47 
.46 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.46 
.46 
.46 
.45 


P.ct. 


P.ct. 


p.ct. 


Lbs. 


U>8. 


Lbs. 


10.15 a. m. 














10.30 a. m. 














10.45 a. m. 














11 a. m 








850 


9,482 


810 


11.15 a. m. 










11.30 a. m. 


6.4 


10.8 











11.45 a. m. 








12 m 




. • . • • 




864 


9,787 


776 


12.15 p. m. 
12.30 p. m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. in.. 

2 p. m 

2.15 p. m.. 
2.30 p.m.. 
2.45 p. m.. 

3 p. m 

3.15 p. m.. 
3.30 p. m.. 
3.45 p. m.. 

4 p. Ill 


1 












• 
















900 


10,034 


815 


1 

i 






7 : 11 


.4 




















861 


9,891 


791 


.45 










.46 
.46 
.46 
.46 
.46 


1 




•*•••" 






, 












818 


9,359 


765 








1 












.46 
.46 




















838 


9,711 


780 








Average .. 


.16 


.27 


.245 


r" 


.36 


.46 


6.7 


10.9 

1 

1 


.2 


a55 

1 


9,711 


790 



Temperature of oil in weigh tank, 160° F. 
Pressure on oil system, 21 pounds. 
Total pounds oil burned, 5,131. 
Total pounds feed water, 68,264. 
Total pounds steam for burners, 4,737. 
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NAVAL ** LIQUID FUEL REPOBT. 



No. 58. 
[FIvi 



— 7>W of oil fuel in a Hohentitein irater-tufte mcuine baiUr, May tf, J 90S, 
' hoiirM* duration with 1-inch for(*e<1 flmft, wing Oil City burner, under rteem.] 



Timo. 



11 a. Ill 

11.15 a. Ill . 
Il.:i0a. Ill . 
1 1.45 a. Ill . 

12 III 

12. 15 p. Ill . 
12.30 1>. Ill . 
12.45 i». 111. 

1 p. Ill . 

1.15 p.m.. 
1.30 p.m.. 
1.45 p. in.. 

2 p. Til 



2.15 ]>. in.. 
2.3t)i». 111.. 
2.45 p. 111.. 

3 p. Ill 

3.15 p. 111.. 

3.3i) p.m.. 
3.45 p. III.. 

4 p. m 

Avt'ra^* .. 



if 
u 



(Calorimeter. 



5 



X 



1 




Ux. 


'> F. 


270 


lis 


2a5 


120 


275 

1 


120 


270 


120 


275 


120 


270 


120 


270 


120 


27r. 


lis 


274 


120 


270 


12<^ 


271 » 


12<) 


2G.S 


120 


270 


120 


2(iO 


120 


270 


120 


2tK-) 


120 


2«vS 


lis 


268 


120 


2tiO 


12i> 


•>-•> 


120 


270 


120 



Q. 



40o' 

I 

402' 
402' 
402, 
4(X) 
402 
402 
402 
402 
400' 
400 
400 
400 
4(» 
402 
400 
400 
400 
402 
402 
402 



300 0.9S20 
300 .»S15 



300 
300 
300 
300 
:U)0 

;ioo 

300 
300 
3^) 
30O 
300 
3(X) 
'MX) 
300 
3(X) 

m) 

300 
3iH) 
'MX) 



.0815 

. 9S15' 

I 

.9820 
. 9815* 
.9815' 
.9815' 
.9815 
. 9S2t) 
. 9820 
. 9820' 
. 9820 
. 9820 
.9815 
. 9821^ 
. 9820 
. 9820 
.9815 
.9815 
.9815 



269 12l> • .981 



Temperature. 



Inside. 






" I 

In*. 1 
1.25 

1 
1 

1.25; 
1.25- 

1 I 
1 



i S 

c s- 



c t 



§ 

't 

c 

%m 



't 



%m 

a 

V. 



I ' I 



F. 



F. 



94 



ro 



° F. 

9«) 

98 

9S 

108 

IWi 



i 



F. 



795 



95 



69 



I 



370 

370 

372 

374. 

370 
108' 37«)! 
lOs; 374' 800 



I 






1.25 ' 108 372 



1.5.. 
1.25!.. 



1 . 25 98 



70 



I 



•) 



.1 



1 . 25 
1 

1.25 
1 



98A 



70' 

I 



1 



•)■ 



1. 25 
1 . 25 
1 
1.25 



9*» 



71 



lioi 

110' 

110 

110 

111 

111 

no 

110 
112 
112 
112 
111 
112 



374'.... 

370J 

370^ 795 

378 

380' 

378 j 

378j 780 

376 

378 

376' 



374 79(1 

380 

380' 



90 
90 
90 
90 

90 

no 

!H) 
90 
90 
90 
90 
90 
90 
90 
90 
90 
fK) 
90 
90 
90 
90 



9: 



70 108 375' 792 90 



I 



TtM Miirt.o Ht 11 II. ni.: liKhiitl tirvv h( 7 a. m.: 27iS iMmnds siteiun «tliJ5i 
10 a. m. 
Weather, clear. Bantmeter at noon, 30.16 inches. 
Six Oil rity IVUU-r \V»»rks Imrners at ,», inch opi>iiin|r. 
.Vir o|tcninVs into furnace. :t an«l \W s^iuare inchea. 
Tom]H.<nilure of oil in wci^'h tank, ICO^ F. 



m.; l-lneh foioed dimft at 



OIL TESTS. S 

i. — 7iM of oil fuel in a Hohtmlem vxder-tvht marine boUer, May 6, I90S. 
re houn' iluratloii Willi 1-lnch forced diaFt, mdng Oil Clt^ burner, under Hleam.] 



ll.;)Oa. 
11.45 a. 



12.45 1>. IT 

1p.m.. 
1.15 p. m 
1.30 p. m 
1.45 p. m 
2i..m.. 
2. 1-1 p.. a 
2.30 p. ni 
2.4.ip.m 

3 p.m.. 
3.15 p. m 
3.30 p. m 
3.45 p. Ill 

4 p.m.. 



I I 



(1, 0.30 0.25— 0. 06—0. 



Ill 



""' ..., 




lAt. 


.. 27f 

.., 285 





.-1 2W 


1,362 14, IHO 


776 














..1 290 


1.4641.i,42.i 

1 


815 










! 




.. 281 
. 288 


1,44315,2.56 


7.W 








.1 28, 


1,4131.5,389 


716 















2 11.41 .3 2871 1,42315,121 760 



PrcMurc on oil Bynem, 4£ jk 
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NAVAL ''LIQUID FUEL" EEPOET. 



No. 69. — Test of oil fuel in a Hohtnstein iocUer-tube marine boiler ^ May 7, 
[Foar hours' duration with 2-inch forced draft, using Oil City burner, under 



1 



Time. 



11a.m... 
11.15 a. m 
11.30 a. m 
11.45 a. m 

12 m 

12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m . . 
1.15 p. m 
1.30 p. m 
1.45 p. m 

2 p. m . . 
2.15 p. m 
2.30 p. m 
2.45 p. m 

3 p. m . . 

Average 



U3 



CO 



Lbs. 
268 
270 
270 
272 
270 
275 
2a5 
270 
270 
265 
265 
265 
270 
270 
268 
270 
265 




I 



22 

a 

H 



o ^ 

114 
130 
120 
120 
120 
120 
120 
122 
122 
120 
118 
120 
12o| 
120 
118 
118 
116 



119 



Calorimeter. 



° F. 
400 
400 
400' 
40o' 

i 

400 
400 
400 
400 
400' 
400 
400 
400 
400 
400 
400 
400 
400 



Of. 

298 
300 
300 
298 
300 
298 
298 
300 
298 
298 
298 
298 
298 
298 
298 
298 
298 



Q. 



Temperature. 



Inside. 



bo 

5 ' 



4> 



Ins. 



F. 



F. 



0.9810 2 



.9820 
.9820 
.9910 
.9820 



1 
1 
2 
2.75 



.9810: 2 



.9810 



.9820 1.75 
.9810, 3 
.9810 1.75 





99 


75 


1 


, 


100 


72 


! • 







.9810 2.25 104; 72 

i I I 

.9810 1 

.981o| 2.25 L... 

.9810 2 ' !.... 

.9810 2 



102 



.9810 1.75i 
.9810* 2.75' 



.9814 1 101 



72 



73 






108 
110 
110 
110 
112 
112 
1121 
112 
112j 
110 
112 

112I 

112 
112 
112 
114 
114 



4) 






00 



"> F. 
410 
4041 
402| 
400 
400: 
402 
404 
390 
380 
378 
386 
392 
400 
400 
394 
396 
400 



111 



396 



I 



I 



F. 



940 




930 



940 



930| 



E 



11 






90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



90 



Weather, clear. 

Barometer at noon, 30 inches. 

Test started at 11 a. m.; lighted fires 7 a. m.; 275 pounds of steam at 7.55 a. m.; 2-inch forced draft at 
10 a. m. 

Six Oil City Boiler Works steam burners of A'^nch opening. 

Air openings into furnace, 3 Q and 6 (11 to 12), 3 Q and 150 square inches (12 to IJO), % Q mad 
6 0(1.80 to 3). 



.'im. 



OIL TESTS. 
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No. 59. — Test of oU fuel in a Hofienstein water-tube marine boiler, May 7, 190S, 
[Four hours' duration with 2-inch forced draft, using Oil City burner, under steam.] 





• 

a 
1 

d 
o 


Draft pressure. 


• 
V 
M 
O 

§ 

n 

2 


• 

a 
S 

o 

s 

1 


Oil burned per hour. 


Feed water per hour. 


f^- 




• 

1 

0.17 
.17 
.17 
.17 
.17 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
/16 
.16 
.16 
.16 


1 

1 

s 
5 


Tube 
chamber. 


o 
1 

1 
5 

1 

< 


« 
M 

o 


I! 


Time. 


• 

1 


■ 

M 

m 

0.9 
.9 
.9 
.9 
.9 
.85 
.85 
.85 
.85 
7 
.8 
.8 
.8 
.8 
.8 
.85 
.8 


g| 
1 


11 a. m . . . 


Lbs. 

.. 45 

. 45 

. 45 

. 45 

.. 45 

i. 45 

1. 45 

I. 45 

.J 50 

.. 50 

.. 50 

.. 50 

.. 50 

.. 70 

.. 70 

70 

.. 70 


0.9 

.9 
.9 
.9 
.9 

.8 

.8 

.85 

.85 

.85 

.85 

.85 

.85 

.85 

.85 

.85 

.85 


.9 


0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.15 
.25 
.25 
.25 
.25 
.25 
.25 
.25 


—0.4 
.4 

- .45 

- .45 

- .45 
.45 
.45 

- .45 
.45 

- .4 

- .45 

- .45 
.45 

- .45 

- .45 
.45 
.45 


386 
395 
392 
392 
388 
379 
379 
385 
386 
380 
386 
388 
388 
386 
388 
388 
388 


Lbs. 


Lbs. 


Lbs. 


11.15 a. m 
11.30 a. m 








11.45 a. m 

12 m 

12.15 p. IT 
12.30 p. ir 
12.45 p. nr 

1 p. m . . . 
1.15 p.m. 
1.30 p. m 
1.45 p.m. 

2 p. m . . . 
2.15 p.m. 
2.30 p.m. 
2.45 p. III. 

3 p. m . . . 


1,865 


19,324 


808 












1,712 


18,044 


800 


._... .!_______ 




1 




1,674 


16, 128 


931 


1 




1,921 


21,795 


1,146 


Average . 


52 


.163 


.86 




.84 


.24 


— .44 


IJ 


387 


1,793 


18, 823 


921 



Temperature of oil in weight tank, 160° F. 
Draft pressure in flreroom, 2 inches. 
Total pounds oil burned, 7,172. 
Total pounds feed water, 75,291. 
Total pounds steam for burners, 3,685. 
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NAVAL ** LIQUID ITUEL BEPOBT. 



No. 60. — Tei^t of oil fuel in a Hohenstein uxUer-tnbe marine boiler, May 8, lUOS, 
[Three hours' duration with :i-inch forced draft, uning Oil City burner, undemteftm.] 



Time. 



11 a. 111... 
11.15 a. Tu 
ll.:tt)a. Ill 
11.45 a. Ill 

12 in 

12.15 ]). Ill 
12.:i() p. Ill 
12.45 i>. in 
1 j>. m .. . 
1.15 j>. 111. 
l.;^)l). in. 
1.45 i>. 111. 



2 ]>. in 



Avt'ra^e 



I 



9 



e 

mm 

X 



JJn(. 

265 
270 

270 






274 

1 

270 

I 

270 
2<)8 



272 



270 
2()S. 



Calorimeter. 



c 

»^ 
^^ 

g 

C 

I 

112 

112 

114 

IK)' 

120' 

.18, 

116 

116 

120 

112' 

112 

116 

UK 

I ' 

269 116 



Ti. 



° F. 
398 
398 
398 
398 
398 
398 
398 
398 
398 
398 
398 
398 
398 



Ta. 



° F. 
296 
294 
2M 
296 
294 
294 
292 
2iH 
294 
2\H 
294 
294 
294 



0. 9805| 
9795 
9795I 
9805 
9795 
9795 
9780 
9795 
9795' 
9795 
9795 
9795, 

9795 

I 



9796 



Temperature. 



Inidde. 



In*. 
2.5 
1 
1 
1 
3 

2. 5 
1.5 






K 



■5 



F. 






-< 
°/'. 



E 



4 

u 
O 

S 
I 






I 

C 



/: 



F. 



90 69 



110. 408 



93 69 



110 
110 
112; 
112 
112 
112 



408 

408' 1,070 

408 

410. 

4061 

424 1,030 



2.5 114' 414 



I 



2.5 

2. 5i 
2 
2. 51 



93 (>8 



2.5' 



114 
114 
114 
114 
114 



414| 

414 

416 1,060 

406 

404 



E 






X 

iJhf. 
90 
«0 
»0 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



92 



69 112j 411 1,053' 90 



Banmu'tor at n(K>n. TO.IT inches. 

Lighted llres, 7 a. m.; 27.') jHmnds steam J<.0'> a. m.; 3-inch force<l draft; tent started, 11 a. m. 

Weather, clear. 

Air into furnace, 3 LH +6 0. 

Temperature of oil in weigh tank, IGO^ F. 
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OIL TESTS. 2 

So. eO.~Tat of oU/uil ia a llohmetein waier-lvbe nrnriiui boUer, Man S, 190S. 
[Three hours' duration with J-lnch forced draft, luing Oil City burner, uniler gleam.] 







Draft pr«™,.. 





j 


I 

s 


1 
1 


1 
1 
1 

i 


1 


^ 


5 


ber. 


1 


1 

i 


nme. 


i 


^ 


1 


' Lb,. 


1 * 


1.3 


0.6-0.5 

.5;- .4 
.5- .4 

•1::: 

.6- .4 






Lb,. 


IJ-. 


Ul. 




73 2.6 
70 2.5 

70 2.5 
75 2.5 
73, 2.5 
SO, 2.5 
«0, 2.6 
75 2.6 
70 2.6 
7fi' 2.6 
1 76; Z6 
1 75 2.6 




468 

H I 457 






11,30 a. m 


1.4 

1.4 
1.4 


1.6 
1.5 

].5 










12 ni 

12.15 t.,m 
12.30 11. m 




T. 


2.432 


24,282 909 








458 

468 

458 

2 460 

458 






1 I., m . . . 
l.lSp. m. 


1.4 1.6 

1.4 1.8 
1.4 l.S 
1.4 1.6 
1.4' 1.5 


2.470 


23. 7M »70 






l.W p. Ul. 
2 p.m..- 






2,457 


23. 832 990 


.\vvra«a . 


7? 2.6 


1.4 1.5 




.sL .4 


1.8 468 


2,4S3 


23.966 956 
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NAVAL *' LIQUID FUEL ' BEPOBT. 



No. 61. — Test of oil fuel in a Hohenstein water^tube marine boiUr, May ff, 290S. 
[Six hours' duration with natural draft, using Oil City burner (Fitton noole), under steam.] 





• 

& 

lO 

o. 


1 

o 


Calorimeter. 


i 


Temperature. 




Ti. 


T,. 


Q. 


Inside. 


• 

«3 


• 
M 

1 

1 


i 

1 3 


Time. 






4 
u 

s 

-a 




"S 

1 




a 


B 








1 



• 


• 


a 

OF. 




K 


I 






Lbs. 


°F. 


°F. 


°F. 




Im. 


\OF. 


0^ 


o/l 


\ *> F. p^ 


10 a. m 


2a5 

268 
270 


124 
120 
110 


398 
398 
398 


300 
300 
300 


0. 9828 
.9828 
.9828 


1.5 
1.5 
1.5 






114 
116 
116 


160 


312 


10.15 a. m. 






322 


10.30 a. m. 


82 


101 


320t' 590 


10.45 a. m. 


270 
267 
268 
269 


112 
118 
120" 
120| 


398 
398 
404 
404 


300 
300 
302 
302 


.9828 
.9828 
.9815 
.9815 


1.5 
1.5 
1.5 
1.5 






110 
110 
110 
112 


• 

160 


324 


11a. m . . . 






330 


11.15 a. 111.' 




332' 


11.30 a. m.' 


as' 105 


342 600 

1 


11.45 a. m. 


268 


120 


404 


302 


. 9815 


1.5 ....' 


112 




342 


12m 


270 


120 


404 


302 


. 9815 


1. 1 


114 

1 




348 


12.15p.m. 


270 


120 


404 


302 


. 9815 


1.5 


116 




346! 

1 


12.30 p.m. 


270 


118 


404 


302 


.9815 


1.5 8:^ 108 


116 


160 


348l 590 

1 


12.45 p. III. 


268 


120 


404 


302 


.9815 


1.5 




114 




340, 


1 p. in 

1.15 p. ni.. 
1.30 p.m.. 


270 
270 
270 


120 
120| 
120 


404 
404 
404 


302 
302 
302 


. 9815 
. 9815 
. 9815 


1.75 

1.5 

1.75 




116 
118 
118 


..... 
160 


346 




344 


83, 113 


342 595 


1.45 p. III.. 

2 p. m 

2.15 p. m.. 
2.30 p.m.. 


270 
270 
270 
272 


123| 
120' 
122 
120| 


404 
404 
404 
404 


:^2 

302 
302' 
302 


.9815 
.9815 
.9815 
.9815 


1.5 

1.75 





118 

118: 

118 
118' 






160 


344 




:i42 




342 


1.75 


86 112 

1 


344 600 


2.45 p. m.. 

3 p. Ill 

3.15 p. 111.. 


270 
270 
268 


120: 
124 
122 


402 
402 
402; 


300 
302 

:i02 


. 9815 
. 9825 
. 9825 


1.75 
1.75 
1.5 


1 


118, 
120 

120 

1 




. . . . . 


340 




350' 


1 
.... ..... 


360 


3.30 p.m.. 


269 


124' 


402, 


302, 


. 9825 


1.75 


84 112 


122 


160 


370 615 


3.45 p. m.. 
4 p. m 


270 
270 


120' 

120' 

1 


402 
402! 


302, 
302 

! 


.9825 
.9825 

1 


1.75 


■ 


120 
120 




376 


1.75 


! 


374' 


■*"*, 




Averagt* . . 


2(59 


120i 


I 




. 9824 

1 




83. 108 


116 

• 


160 


343; MM 






1 









Barometer. 29.94 inches at noon. 

Test start at 10 a. m.: lighted flres at 7.&0 a. m.; 275 pounds steam at 8.80 a. m. 

Weather, partly cloudy. 

Air openings into furnace, 8 G &ii<l 6 0. 




>. B\.—Tnt ofoiifud in a Hoh^ratein watrrHube marine boOer, May tt, 190S. 
: hoan' duntlon wjth natiml draft, lulng 0(1 City burner (FltMn noule). under ■!«»■.] 



It 



10.15 a. 

10.30 a. 
10.45 a. 



11.30 a. D 
11.45 a. n 
12iu.... 
12.15 p. D 
12.30 p. □ 
12.45 p. II 
Ip. m.. 
I.^,p.m 
1.30 p. m 
1.45 p. m 
2l..m.. 
5.15 p. m 
2..Wp.m 
2.45 p. m 



u 




1 


1,005 I1,8m' M7 


, 


1 1 


!I51 11,346 844 


i 1 



3.15 p.n 
3.30 p. r 
3.45 p. .1 



(iO 103 .7 .2 



.21 .311- .43 



.4;t 957 10,969| 659 

.43 1.5 983 11,464! "05 



junds oil biimeel. hfilfi. 
nnda Bt«m lor burners, 4,i 



(6 NAVAL " LIQUID FUEL" EEPOBT. 

No. 6-2.—Teii of nil fad in a Iloheiuftein ivater-lH>>t: marint boiUr, Mag fS, 1903. 
Ivehoiin' dnHdim with I-ltich [urced droit. uslUKOit dty burner <PllIoii noule), under neui 



i 



I ! 



10.») n. 
10.45 a 



11.30 a. 
1 1. ■!.■>». 



12.;f0 II. II 
)2.4J> p. n: 

ll..m... 

1.15 I.. Ill, 
l.:»Ii.m, 
1.43 p. 111. 
2,.. m... 
2.1!ip.m. 
2.30 p. m.. 
2.45 p. III. 
3 p.m... 

a.i6p.iii. 

3.30 p. lu. 






400 302 0.98:12 1 

400 :m .9820 1 

400 300 .»82o' I 

400 296 .97H7J l.£ 

400 2»6 .97S7 1 

400 294 .9785' 1 

400 294 .9785' 1 



270, 124 402 294 
275 120' 400 294 



400 294 
402 294 

^1 



9785 1 
9778' 1 
977h' I 



70 87)' lOO! 368 



102 »H0 7-U 



402 294 

402 294 .9778 1 .. 

402 Zm' .9778 I ; 

402 21H .9778 1.5.. 

402 294' .H77a' I '.. 

400| 294' ,9785! 2 .. 

402 294 .9778 2 ; 

402 294' .9778, 1,5,, 

402, 294 .9778 1.5.. 



270; 120 



71 86 102 375| 74d 60 



T«tHlart»i.U0.3(H.ra.; Itghiodfln-satTa. n 

WHillier.oTBrvlslorniisI)-. 

Air openinga Intu furuacD. 3 Ci lod G O. 

Carbon vas dcHMlied on walla In front of two 

Tempenlun of oil in wulgh Unt. IW F. 



id draft, > a. la. 



OIL TESTS. 2: 

So. ea.—TeH ofoUfixel in a HohenMeiti tvaUr-iube murine boiler, May is, 190S. 

[Five houn' duiation villi l-lnch forced i1ra[l, usIhk Oil City burner IFilton noztle), undvr ntean 







FlUUgHHS. 




i 
1 


1 

I 

I 


1 


i 


Tube chsm. 
btr. 


1 
1 

< 


1 


CO,- 


0. 


CO. 


1 


il 


Time. 


i 


1 


I 


f 


lu. 


0.4 

.4 


.3 
.3 
.3 
.3 
.35 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 




-0.5 


P.d. 


p.i*. 


P.tL 


285 

287 
287 
286 
287 


lb,. w«. 


lit. 




















1,- .6 
1 - .5 

1 - .6 
1- .5 
1- .5 
1- .6 
1- .6 
































1,610 16,291 


















126 
125 
120 

120 
140 
!■■» 
130 
130 
130 
130 
135 
135 
135 
140 
140 


8.0 


13 


0.4 


288 
287 
287 
287 
286 
287 
287 
287 








12. 15 p. m. 
12.30 p. m. 
12.45 p.m. 

1p.m.... 

1.15 p. TH.. 

1..30 p. m.. 
a.45p.m.. 

2 p.m.... 
2.15 p.m.. 
2.;Wp.m.. 
2,45 p.m.. 

3 p.m..,. 
3.15 p. m.. 
3.30 p.m.. 














1,550 




839 










l'- .5 




































1,707 


17,674 




„ 












- .5 

-.„ 

- .5 

- .5 

- .5 

- .5 


6.8 


12 












287 
287 

287 
287 
SS7 
286 














1,607 


17. 107 










































1,661 


17.616 














AvtragB .. 


!2R; .4 


.3 


- 




-■' 


6.4 


12.5 


.2 287 


1,627 


16,966 


664 



Droit presrarc In Are ro 



228 NAVAL "liquid fuel" bbpobt. 

No. 63.— r«l ofoU/tttl 
[File honn' duntlon wltb '^iDcl 



HohtntUin XBOitr-tuht marine boiier, May IS, 190S. 
:cd draft, lulnK Oil City burner (FlttoD ni 



s 


1 


Calorimeter. 




Temperature. 




1 








,n.M.. 






. 


t 


■s 


T,. 


T.. 


Q- 


i 






i 


1 


s s 




\ 




















1 








1 




a 




1 


i 1 


Lb*. 


"F. 


•>F. 


-F. 






°F. 


"F. 


"/■. 


■'F. 


Lbt. 


274 


120 


400 


294 


0.9785 


1,25| ' ' 99 


346 




135 


270 


11« 


398 


21M 


.9792 


1.5 1 99 


392 




130 


271 


118 


400 


292 


.9776 


2 i 72' 84 99 


391 


795 


140 


267 


lit) 


398 


292 


.9780 


1.75 100 


37( 




150 


271 


116 


398 




.9780 


1.25' 100 


36( 




ISO 


270 


118 


400! 292 


.9775 




99 


37» 


1 1.50 


271 


116 


400 29^ 


.977.';, 1.5 


71 87 99 


372 


78.^1 140 


270 


120 




.9775 1 


100 


m 


145 


208 


120 




.9775 


1.5 


1 100 


394 


1 140 


27L 


120 


400 292 


. 9775 


1.5 


1 100 


394 


' .50 


274 


UK 


402 294 


.9778 


1 


7H Hi 


100 


376 


810, ISO 


27:i 


120 


402 294 


.9778 


1 





100 


aao 


■» 


27S 


111 


402 294 


.9778 


1.25 




102 


40( 


'« 


27;i 


120 


402' 294 


,9778 


I ! 


102 


400 


' 120 


274 


I2-. 


402 294 


.9778 


1 72 88 


104 


400 


805 120 


275 


12( 


402 294 


,9778 


I 104 


399 


1=0 


275 


120 


402 294 


.9778 


1.5 i 102 


399 


1 120 


275 


122 


400 2fl4 


.978S 


2.2.5 1 102 


386 


140 


273 


120 


402 292 


. 9765 


2. 5 72, 88 102 


34B 


780| 1S5 


27S 


120 


402 294 


.9778 


1.5' 102 


360 


160 




120 


402 2M 


.9778 


2 1 102 


404 


160 




11! 




. 9T78 


~^\ '' •"' 


384 


791 13» 



10.15 a. n 
10.30 a. n 

10.45 a. n 
ll«.m . 

11.16 a. 11 
11.30 a. 11 

11.46 a. It 
12 m.... 
12.15 i>. II 
12.30 p. E 
12.46 p. 11 
1p.m.. 
1.15 p. Ill 
1.30 p. m 
1.45 p. m 

2 p. m .. 
2.15 p. m 
2.30 p. m 
2.45 p. Ill 

3 p.m.. 



Tiwl iiunii ■! 10 H. m.: liKhtv 

WwihiT, avercart. <lritik- 111 
Alr<>|K'nlnKHlnli> lliniHcv, :< 
TemiiTKliiri. ol nil In wi'ltjh 



.; ;fTJi puunda vl gleam, (kUiB. 



T!to.63.—7Mo/oilfudi 
[PlTe honn* dDimUon wtlh 2-Inch 



OIL TESTS. 229 

a Hokemtein viaUr-tube marine boiler, May SO, 190S. 
irced dnit, luing Oil City burner {Flllon noule). under ■leun.] 

fluegMM. 



10.15 n. I 

io.:w a. I 
10.45 a. T 

11 a. m . 
11.15 a. t 
ll.JlOa.: 
11.45 a. r 

12 m..., 
12.15 p. I 
12.30 p,i 
12.45 p., 
1 p. m ,. 
1.15 p. ir 
1.30 p. n: 
1.45 p. n 
2p.m.. 
2.15 p. ., 
2.30 p. n 
2.45 p. ., 
3 p.m.. 



Drafl prewurv lix twck 
Totnl pounds oil burnt 
Towl pound" fted wBt 
TuUl pounds Bleam fo: 



I I 



-■ ■ Is 



386 2, COM 20,45: 



um. ^ Ir 



30 NAVAL "liquid FUEL EEPORT. 

Xo. Si.-— Tenl of >iil fuel in n IlnhfiuSeMi iivOer-tube marine boiUr, May iS, 190S. 
hut hours' diirHilim wiih S-inch fiircdl dmft, ihIiir OJl City l)urner<ntlon noula). under M«au 





1 




<?8l<>rim«l. 






... 








[ 


1 


i 


T.. i 

1 


"■ i 1 
1 


i««a» 


1 
t 

3 

.L' 


1 

6 


1 
1 

a 

1 


1 

% 

s 

1 




1 


t 




Do. ' 


- F. 


"F. 


"F ' 


, /««. 


^F. j ■>>■. ">■- 


"F. 


•'■ 


IJir. 




275| 
273' 


120 
122 
118 


402 
400 
400 


LltS 

292' 

292 


il7(i5, 1 




400 
390 


800 






1 




l.lSl..m.. 


9775 1 


86 


102 


160 


140 


1.30 p.m.. 


274 


1*>0 


400 


292 


9775 1 








SAO 




135 


1.4Sp.m.. 


275' 


120 


400 


■m\ 


9775: 1 








386 




130 


2 p. in.... 


275; 


1^/ 


40" 


0*. 


9765 








410 




140 


2.15 p. II... 




120 


402 


292' 


9765! 1..'6 


ai 


io:f 


160i 


426 


«. 


140 




S 


120 
118 
120 


400 
400 
400 


2.K.' 
290 
2!I0 


9762 1 
9762' 1 
9762| 2 








408 
416 

396 







2.4Sp.Ti,.. 
3p.m.... 












160 


3.15 p.m.. 


270 


118 


400 


290 


9762 1 


85 100 160 


406 


™ 


155 




27il' 


llfi 

lis' 


400 
400' 


292 
292 


9775' 1 




400 
404 






3.45 p.m.. 














AveniRi' .. 


274, 


IH) 
1 






.770I 

1 


85 102 


160 


400 


82, 


142 






; Math fMC«d dimfl. 
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No. 64. — Test of ail fuel in a Hohenstein water'tube marine boiler y May ^8f 190S. 
[Three hours' duration with 8- inch forced draft, using Oil City burner (Fittoo nozzle), under steam.] 



Time. 



12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p. m.. 
1.45 p. m.. 

2 p. m 

2.15 p. m.. 
2.30 p.m.. 
2.45 p. m.. 

3 p. m 

3.15 J), m.. 
3.30 p.m.. 
3.45 p. m.. 

Average .. 



S 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



Draft pressure. 






2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 



a 

eS 

.a 

c« 

a 

o 

.»* 

Xi 



1.4 
1.4 
1.4 
1.4 
1.4 
l.-l 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 



3 2. 5 1. 4 



Tube cham- 
ber. 



1.6 
1.6 
1.6 
1.4 
1.4 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 



X 



o 



> 

< 



0.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 



s 

SCr 



0.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 

- .6 

■ .6 
.6 

■ .6 



Deposit of carbon on wall and on lower tubes near burners. 
Steam pressure on burners (Scotch boiler), tJO pounds. 
Total pounds oil burned, 7,172. 
Total pounds feed water, 71,261. 
To^al pounds steam for burners, 2,909. 



O 

B 

CO 



c 



o 

00 

s 
o 



o 

> 



1.5 



1.5 



1.5: 1.43 .5 — .6 1.3 



473 
472 
474 
473 
473 
477 
478 
476 
475 
474 
475 
472 
472 



474 



u 

o 
P. 

e 



TJbB. 



2,159 



g 

u 

t 

u 

3 



U3 



I 






hi 



1^ 

CG 



JM. IJb9. 



21, 216 929 



2, 517; 24, 761 978 



2,496; 25,284 1,002 



2, 391 



23, 754 969 






Tlji^ 
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No. 65. — Test of oil fuel in a Hohensiein waUr-tube marine boiler^ June t, 19QS, 
[Four hours' duration with 2*lnch forced draft, using Oil City burner (Pitton nonle) , under steam.] 





• 






^ 






fl 






8> 


"S 




>• 


i 


Time. 


.o 


«^4 




\ 









t 

a 

9t 




tn 


H 



12 m 

12.15 p. ra 
12.30 p. m 
12.45 p. m 

1 p. m . . 
1.15 p. m 
1.30 p. m 
1.45 p. m 

2 p. Ill . . 
2.15 p. m 
2.30 p. m 
2.45 p. Ill 

3 p. ni . . 
3.15 p. m 
3.30 p. m 
3.45 p. Ill 

4 p. m . . 

Average 



bs. 


T. 


273 


124 


265 


120 


275 


122 


273 


120 


270 


118 


275 


120 


260 


118 


275 


124 


275 


120 


275 


120 


275 


118 


274 


120 


275 


120 


270 


120 


270 


122 


282 


120 


273 


118 



272 120 



Temperature. 




. 9815 


2.75 


. 9815 


1.25 


. 9815 


1 


.9815 


1 


.9815 


1.25 


. 9815 


1.25 


.9795 





4) 



A 

^ 



00 



I 

i 



Of. 


o/: 


310;. 


. • . . 


306. 


.... 


304 


630 


376. 




438. 


V • • • 


410. 


• • • « 


418^ 


720 


406:. 


• • • • 


418. 


• • • • 


428. 


* « • • 


412 


790 


408'. 


• • • * 


398. 


• • • • 


40*. 


• « • • 



374 
378' 
396 



770 



387 



I 



Urn, 
120 
120 
140 
135 
135 
135 
150 
155 
160 
155 
160 
155 
160 
160 
160 
156 
155 



727 148 



Barometer ut noon. 30.21> inches. 

Test started at 12 m.; lighted tires at 7 a. m.; 275 pounds steam at 8.05 a. m.; 2-inch forced dimfl at 
10.30 a. m. 
Weather, dear. 
Air openings into furnace, 8 71 and 6 ^. 
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No. 65. — Test ofoUfud in a Hohenstein waier-tube marine boiler , June t, 190S, 
[Four houn' duration with 2>incb forced draft, using Oil City burner (Fitton nozzle), under steam.] 



Time. 



12 m 

12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m - . - 
1.15 p. m. 
1.30 p.m. 
1.45 p. m. 

2 p. m . . . 
2.15 p. m. 
2.30 p.m. 
2.45 p.m. 

3 p. m . . . 
3.15 p. m. 
3.30 p. m. 
3.45 p. m. 

4 p. m . . . 

Average . 



2 
2 
2 
2 
2 
2 
2' 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



1.9 

1.8 

I 
1.9 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8: 

1.8' 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 



Draft pretBOie. 



i 



§ 

•a 
I 
I 



Tube cham- 
ber. 



1.3 
1.3 
1.3 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.0 
1.1 



1.8 1.1 



a 

(E4 



1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 



3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



1.22 



1.2 

1.2 

1.2 

1.2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



1.05 



0.4 
.4 
.4 
.4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 



.32 



•0.4 

- .4 

- .4 

- .45 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 
^ .5 

- .5 

- .5 



- .48 



Feed water very muddy, due to recent heavy rains. 
Steam pressure on burners (Scotch boiler), 40 pounds. 
Total pounds oil burned, 7,747. 
Total pounds feed water, 76,621. 
Total pounds steam for burners, 2,140. 



a> 



CO 



li 



2J 



• 


1 


«M 


u 


1 


■s 


T3 







a 


'i 


.o 


« 




Oi 


O 



410 
408 
410 
410 
410 
410 
410 
410 
408 
408 
408 
410 
410 
406 
408 
408 
410 



409 



Lbs. 



1,850 



1,850 



§ 

u 



Lbs. 



18, 524 



1,990 



2,057 



1,937 






o 
5i 



:a 



s 
I 



LbB, 



525 



17, 879| 495 



19, 460 525 



20, 758 595 



19, 155 535 



23-4 



4 4 



1^ 



NAVAL "LIQUID FUEL REPORT. 



Nt». tW). — 7VW of oil fnd in a Hohentiein water-tube imirinf. Innler, June .i, Iffff.i. 

raft. iiMinK (i 
*J0 iKHinaF.] 

('ah»riineter. 



[Tlirt'o hours duration with 3-iii(*h fon'iil draft. usinK Oil (Mty bunior fFitton nozzle;, un«ler Ht«*Hin, 

OF.' 



Time. 


U 

>• 








1 




4 

c 

^4 




T,. 


T,. 


Q. 




i 

a 


c 










ww. 


"" ¥. 


• y. 


•'/'. 




12.15 p. III. 


270 


\\y\ 


402 


2i*2 


0. 9765 


12.:iOp. in. 


2<)5 


12t> 


400 


2*m 


.9800 


12.45 p. in. 


2t}9 


120 


400 


25HJ 


.9S00 


1 ]). ni 


2I>7 


11« 


4(K1 


2tMJ 


. 9«00 


1.15 p. ni.. 


270 


122 


4(M) 


2tM^) 


.9S00 


i.:«)l>. in.. 


270 


124 


400 


2*N) 


. 9SO0 


1.45 p. 111.. 


272 


120 


4(M) 


2tH> 


.9800 


2 p. Ill 


2t)5 


llH 


3tW 


2iKi 


. i»S05 


2.15 p. in.. 


270 


11« 


4(K) 


2i»S 


. 9810 


2.:50 p.m.. 


2i>S 


lis 


4(K) 


2«»S 


.9810 


2.45 p. in.. 


272 


120 


4<M) 


2i»S 


.9S10 


3 p. ni 

* 


272 


120 


4(K) 


21W 


.9810 


3.15 p. in.. 


270 


120 


4(M) 


21»S 


.9S10 


Avenii:*' .. 


2(«» 


120 






. 9S02 



Temperainn*. 



InHide. 



6C 

3S 



HA 



I 



.:^ I 
:. I 

k ! K 






s: 



In*. 

1.5 
1 
1 
1 



«»/•. 


o>: 


120 






78 


99 


1 

120 




"1 






8() 


101 


1 

120 : 

1 






1 



^ F. 



•A 

7. 

° F. 

4:K) 

420 

4:«) 1 WI5 ' 



I 



4:w |. 

444 |. 
428 , 



. 75 
. 75 



80 



4;« 

. 448 

: 440 

100 120 . 4:W 910 

I 

.... ..... *ia)r^ . « . . . 



120 



4m 



IJiM. 

140 

ia5 

l.'in 
14€ 
140 
140 
140 
120 
120 
120 
120 
130 

i:{0 



79 ! 100 120 



4.S«) 895 131 



Bantineterut ikmui, 'MrSi inohos. 

Text KturtJ*, 12.15 i>. in.: liKhted llres. s a. m.; '27r> i>oundM Nti>iini H.-V) a. m.; .S-inch forreil draft. 10.45 
n. in. 

Weather, (-lear. 

Air ofK'niiiKs into furnace. :\ and Ti ©. 

ThiK run is intendefl to develop the eapneity of the burner; therefore no attempt ismade to min- 
imize the amount of steign UM'd for spraying. 



« 



OIL TESTS. 
No. 6tl.— jfV* qfoU/uel in a Ilohenilein waler-tube mm 
ndunUlon vlth 3-Inch forced 'IntCl, uriog Oil Cltj- bur 



, unoE Oi 
poundi.) 



K boiler, June S, 1903. 

r iPlttoD noizle), under st«un. 









Dntt pTonire. 
















i 








S 


Tiibe 


ham. 




il 
































1 


1 


^ 


■1 


1 

< 


i 
i 


1 


"3 

1 

1 


1 
5 


% 
1 

i 






















Uh. 


Uh. 


flu. 


12.15 p. m. 
12.30 p. m. 


3 
3 


2.0 
2.B 


1..1 
1.4 


1.5 




0.6 

.6 




460 
457 










6 








12.45 p, m. 
Ip. 111,... 
1.15 p. 1.... 


3 
3 
3 


2,fl 
2.6 
2.« 


1.4 
1.5 

1.5 


1.5 

i.a 
i.a 




.5 

.5 


- 


« u 




460 
462 
466 














2,601 


28,963 


1,32! 




S 










6 


_ 














1.45 p.m.. 


3 


2.ri 


1.4 


1.5 




.5 


- 




n 


460 


1 










2.15 p.m.. 


3 


2.5 


1.4 


1,5 




.5 


_ 






458 


2,667 


25,248 


1,386 


2.30 p.m.. 
2.45 p.m.. 
3 p.m.... 
3.15 p.m.. 


3 
3 
3 
3 

3 


2.6 
2.5 
2.6 
2.5 


1.4 
1.4 
1.4 
1.4 


1.6 
1.5 
1.6 
1.6 




.5 
.5 
.5 
.5 


- 


° 


2i 


400 
459 
483 
482 


















2,650 


26,140 


1,468 


Averajji- .. 


2. S3 


1.4 


1.5 




.5 


- 


1 


1.8 


460 


2,606 


26,780 


1,392 



Total pounds tvv<\ w 

32196—01 16 



J6 NAVAL "LIQniD FUEL EEPOET. 

No. 67,— Teit of oU fuel in a Holututeiinailfr'tul^ marine boiler, June 11, 190S. 
[BIx hours' duniUiin wltb lutunl dntt. CalllornU oil, using Advance burner, nodcT ■tctun.] 



10.1S B. n 
10.30 a. ni 
10.45 K. ni 

11 A. ni.. 
ll.Ifia.in 
11.30 a. TS 
11.45 B. tr 

12 m 

12.15 p. 11 
12.30 p. n 
12.4.') p. n 
lp..n.. 
1.15 p. m 
1.30 p. ni 
1.45 p. ni 
2 p. m .. 
2.15 p. ni 
2.30 p. ni 
2.45 p. Ill 
3p.ii.... 
3.15 p. Ill 
3.30 |>. >i> 
Z.\h p. Ill 
4 p. Ill .. 
Avcrajt.'. 



TheX™ 

During pi 



7.(0 a. m.: 2T(> poiiiid« nt 

W origliuil 



la oil and lt« irr«atei 



brid(a wanaad (As 

hole* Id llw Oil nlpita (ra« .L 
Iter Bnldltr tho bAI aVMfaiai 



OIL TESTS. 
No. 67.— TmI ofoUfiid in a Hohendein aiOfr-lube mn 
[Sli houn' duntlon with nalunl dnll, CalKornla oil, using Ji 



■ine boilrr, June 11, t9(kt. 
iTuii-e burner, under auam.] 





»■-"--'• 


M.e^. 




1 

1 




\i 




a j^™- 


J 

i 

J 
i 

2 

1 


1 

•3 

.1 


CO,. 


«■ 




,;ii 


Time. 


1 


1 


CO. 


i 


I IN 




1« 


.2 

.2 
.2 

■\ 

.2 
.2 


0.35 
.35 
.35 
.35 
.36 
.35 
.35 
.35 

■1 

.35 


P.H. 


p. a. 


P.CL 




Uu. 


Lb,. ! £*.. 




! 


16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 

:; 

16 
16 
16 
16 
16 
16 

I 


.52 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.63 
.53 






















u 




























1,264 


]3,216 532 














■ 







u 




















1,180' 12,604 568 


12.15 p. m 
12.30 p. m 
12.45 p. m 
1p.m.... 
1.15 p. m. 
1.30 p. m. 
1.45 p. m. 
2p.m.... 
2.15 p. m. 
2.30 p.m. 
2.45 p. m. 
3p.m.... 
3.15 p. m. 
3.30 p. m. 
a46 p. m. 
4p.m.... 












11 


1 








i-1 

.2' .35 
.2 .35 
,2 .35 

.2 .35 
.2 .35 










1 








8 10.2 


0.4 


2 


1 






.53 
.53 
.53 


' 




1,228 


12,443' 490 


! 1 






2 






I 






.2' 2 








1,09« 




fi^ 


1 1 






.2, .35 .53 

.2 .35! .53 
.i .35! .53 


1 


2 






1 1 






1 i 

1 




1,078 


11,307; 610 


Aven^.. 




16 


,. .»^ .«! ... ,0 , .. 


1.7 


1,154 


12, 050 614 



Preliminary M 
Bailable preaiure tor the spra; _ 
ToUl pounds oil burned; 6.921. 
ToUl pound* (eed water. 72.808. 
Total pounds steam lor buraen, S 



« to pounds delermlned M pounds to 



238 



4 4 



19 



NAVAL "LIQUID FUEL REPORT. 



No. <)8. — Tt'At of oil fuel in a IIoheuMein vicUer-tuhe marine boiler ^ June 12^ 190S. 
[Thn»i* htmn*' (liimtion wlth:Mn<'h fonunl draft, iisinsr Advance burner, under rte«m.] 









Calorimt 


*tt»r. 


1 " 
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Temperature. 
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1 


^— " ■ 




-• 
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X 
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<>• 
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? 


T,. , 


T«. 


Q. ' 
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mm 1 


% 1 






1 


5 








S ! 






£ 


•2 1 


5 


e 




t. 


*rf 








X 


1 






u 


^ 


c 




£ 








u, 






0^ 




h 




s 


i. 








it 

5 


1 

■ 


• 
Ik 


c 

u 


e 1 

1 ! 


t 1 






X 


H 










:? 


Q 


< 


cc 


■s ■ 


<fc _ 


1 


lJti>. 


''/•. 


"^K 


°K 




Inn. 


° F. 


°/'. 


o/: 


• 


-F. ' 


LU. 


12.:U)i.. in. 


275 


122 


398 


290 


0. 9770 


1. /O . 






108 


443. 


1 

V • a a 


135 


12.45 i». Ill 


265 
270 


124 
122 


400 
399 


2W 
290 


. 9815 
.9768 


1 

.75 






109 
111 


444. 

488 

1 


1 

1 

905! 


135 


1 p. Ill 


75 


94 


135 


1.15 p. III. . 


2<i5 


120 


399 


289 


.9760 


. 75 . 


• • « • 




111 


478. 

1 


* • • • 


140 


l.:U) p. III.. 


270 


118 


3W 


289 


. 9760i 


1.75. 


« w • • 




112 


495. 


* * * * 


135 


1.45 p. III.. 


275 

1 


118 


31>9 


290 


.9768 


1.75. 


• • « * 




110 


485. 


! 


120 


2 J). Ill 


2(WS 


124 


3?>9 


290 


. 9768 


1.75 


75' 


96 


111 


490 


960 

1 


120 


2.15 p. 111.. 


272 


120 


3t>9 


290 


. 9768 


1.75, 


* • * • 


> . • . • 


111 


494. 

1 


1 

« • • • 


120 


2.;W p. III..! 


275 


122 


399 


290 


.9768| 


1.75. 


• • • * 




111 


494. 


1 

1 


130 


2.45 i>. 111. . 


270 
273 


118 
118 


:i99 
400 


290 
21K) 


. 97tW 
. 9762 


1 
1 






111 

1 
111 


495. 
497 


1 

965* 


130 


3 p. Ill • 


74 


95 


130 


3.15 p. III... 


270 


120 


:W9 


289 


.9760 


1.25. 




k « • • « 


110 


602. 


a • • • ■ 


115 


3 :U) n 111 


270 


120 


:i99 


289 


. 9760' 


1.75 






110 


478. 


• V • • 


120 












Avera>?t» .. 


270 


12tV. 






. 9770 




75 


95 


110 


483 


943 


128 









Bar^nnoter at lunm, •.^9.T inches. 

Te^t starbint 12..^ p. in.: liKhtinl tirex. 9.15 a. m.: 'J75 [toundfi rteam. 10.15 a. m : 3-fnch forred dimft. 
11.15 a.m. 

WiNftther. i»artly cloudy. 

.\ir o(H'nin)r« into funmot>. 3 and VH) square inches. 

(Vilifomia oil was immI. t>ut it is |Hv«iibIe that this oil was sliKhtly mixed with TezM oil. owinif to 
pmctii^l ditnculty in clearing tank fnmi the rvsidue of Texas oil wiien nich oil wan lart used 
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No. 68. — Test of oU fuel in a Hoheimtein water-tube marine Innler, June 12 ^ 190,i. 
[Thret* hours' duration with 3-inch forced draft, using Advance burner, under Hteam.] 



Draft pressure. 



Time 













Lb». 



o 






Ui^. 



— .5 474. 2, 722 25, 318 



Temperature of oil in weigh tank, 130*^ F. 

Steam pressure on burner (Scotch boiler), 45 pounds. 

Total pounds oil burned, 7,945. 

Total pounds feed water, 72,780. 

Total pounds steam for burners, 1,99b. 



0) 






1A)B. 



2,609 23,478 619 



2,614 23,984 686 



690 



7 — .5 1.8 472 2,648 24,260 665 
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No. 69. — Tetit of oil fuel in a IIohenMein iPOter-tuJtte marine boiler ^ June IS, 190S. 
[Four hoiin' duration with natuntl draft. uxiiiK Oil City burner (Fitton nodode), under air.] 



Time. 



11.4t5 a. m. 

12m 

12.15 p. III. 
12.301). »"■ 
12.45 p. m. 

1 p. Ill 

1.15 p. 111.. 
1.30 p. ni.. 
1.45 p. III.. 

2 p. in 

2. 15 p. Ill . . 
2.30 p.m.. 
2.45 p. 111.. 

3 p. m 

3.15 p. 111.. 
3.30 p. III.. 
3.45 p. III.. 

Averaj^* .. 



ft 



S 

CO 



23 

B 



._ I 



IJb». 

270 
27o' 
27l| 
270 
267 
271 ' 
270, 
270 
270| 
265 
2671 
268 
268' 
265 

270 

I 

268' 
270 



Calorimeter. 



Ti. I Tj. 



I 



120 
120 
124 
120 
120 
120 
124 
122 
120i 

120 

I 
118 

120j 

120 

120 

122 

124 

120' 



400 
400 
400 
400 
400 
400 
399 
399 
399 
399 
400 
399 
400 
399 
400 
399 
400 



269 121 



Q. 



296 
296 
296' 
295 
296 
296, 
295' 
295' 
295' 
295 
296 
295 
296 
295 
296 
295 
296 



'J 



0.9798 2 
.9798] '> 
.9798 
.9790 
.9798 
.9798 
.9795 
. 9795 
. 9795 
.97^5 
.9798 
. 9795 
.9798 
. 9795 
. 9798 
. 9795 
.9798 



Temperature. 



Inside. 






1.25 

1.5 

1.5 

2 ' 

1.25... 
1. 75| 85 
1.75... 
2 !... 
1.75... 
1.5 ' 81 
1.5 ... 
2 

1.25... 
1.25 8:^ 
1.25... 



1 81 


0/: 
106 


1 




83 


109 



109 



.9796 82.6 



107 



108 



a 



e 



°F. 



a 



1121 134 

lioi 150 

111 

1101 150 

111 

111 

111 

111 

111 

110 150* 

110 



107.8 111 



Barometer at noon, 29.83 inches. 

TeHt KtartM at II a. m.; Ntartc<l tires at 7 a. m.; 275 pounds steam at 8.05 a.nL. 

Weather, clear. 

Air opening into furnace. 



150 



150 



112 150i 
II2U.. 

109 150: 
llOj 150 

110 150 
110* 160 



s 



I 

I 



340, 670 
338 



685 



706 



338 
338 
337 
338 
852 
348 
320! 
SIoi . • • • • 

350| 

352 635 
SSOi..... 
85a 

tM MXf • • • • • 

345! 680 
S4Zi • • • • • 



150 341i 675 
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No. 69. — Tefi of oU fuel in a Hohenstein water-tube marine boiler, June 16, 190S. 
[Four hours' duration with natural draft, using Oil City burner (Fitton nozzle), under air.] 





• 

a. 

i 

•a 

o 

OB 

a 
o 

s 

9 

•3 

> 

Oi 

73 
73 
73 
74 
73 
73 
84 
84 
96 
101 
42 
44 
46 
48 
48 
46 
46 


• 
V 

e 

9 

a 
o 

i 

a. 

k 
< 

IJbs. 
48 
48 
48 
48 
48 
48 
62 
61 
64 
66 
25 
25 
25 
30 
30 
30 
28 


• 

S 



o 
o 

9 

IJbB. 
120 
128 
150 
150 
135 
160 
155 
155 
160 
160 
140 
120 
115 
110 
115 
110 
130 






Draft 


pressure. 




• 

M 
O 

a 


§ 

u 

g 

9 
A 

o 






• 

1 


e 
o 

3 

a 


Tube cham- 
ber. 


• 

S 
2 

•d 

% 
S 

1 

2 

< 


• 

1 


1 

u 
u 

s 

t 


Time. 


0.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 


• 

M 

0.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 


11»45 a. m. 


0.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 


0.15 
.15 
.15 
.15 
.15 
.15 
.14 
.14 
.14 
.14 
.15 
.15 
.15 
.15 
.15 
.15 
.15 


0.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 


0.47 
.47 

- .47 

- .47 

- .47 
.47 

- .47 

- .47 
.47 

- .47 

- .47 

- .47 

- .47 

- .47 

- .47 

- .47 

- .47 


1 


Lbs. 


Lba, 


12m 






12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m. . 
1.30 p. m.. 
1.45 p. m.. 

2 p. m 

2.15 p. m.. 
2.30 p.m.. 
2.45 p. m.. 

3 p. m . . . . 
3.15 p. m.. 
3.30 p.m.. 
3.45 p. m.. 








2 






1,070 


11,985 








2 






1,070 


13,765 








li 






1,254 


11,555 








li 


1,044 


11,950 


Average .. 


66 


43 


136 


.06 


.15 


.15 


.18 


.31 


.47 


1.6 


1,109 


12, 314 



California oil used nominally, but in all probability was a composition mainly of Texas oil, as it 
was the final heavy residue left in the tank. For this test the suction pipe was lowered for purpose 
of completely draining the tank. Before this test the tank had never oeen completely drained. A 
sample of these final drainings or dregs was taken and sent on to the navy-yard for analysis. 

Total pounds oil burned, 4.438. 

Total pounds feed water, 49,256. 
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Summary of oil-burning U$U fciih 



No. of 
trial. 



Date of 
trial. 



Dura- 
tion of 
trial 
(hours) 



1902. 

1 June 11 6 

2 June 12 4 

3 June 2t; S 

4 June 27 3 

5 Aug. 2 r> 

6 Aug.4-9 116 

7 Aug. 15 6 

8 Aug. 20 3 

9 Sept, 12 6 

10 Sept. 19 8 

11 Sept. 20 H 

12 Sept. 22 ' 8 

18 Sept. 27 . 8 

14 Sept. 29 8 

16 Oct. 4 8 

I 

16 Oct. 13 ' 6 

17 Oct. 14 4 

IM Oct. 22 ' h 

19 Oct. 25 2.5 

20 Oct. 27 7 

1 

21 Nov. 14 \ 7 

22 Nov. 17 8 

23 Nov. 28 8 

24 Dec. 1 4 

25 De<«. 2 2.75 

26 Dec. 4 4 

27 Dec. 5 5 

2H Dec. «» 1.92 

29 Jan.l,'(W 4 

30 Jan. 3 6 

31 Jan. 5 4 

32 Jan. 10 8 

33 Tan. 12 8 

34 Jan. 15 H 

35 Ian. 16 6 

36 Jan. 17 5 

87 Jan. 19 3 

\> Jan. 20 6 



Kind of oil. 



Oil burner used. 



SUte of weather. 



Beaumont oil Oil City Wk.s. ^air) ... Bright, sunny day 



.d< 
.d< 
.d« 
.d< 

.do 

.d( 

.d< 

.d( 

.d< 

.do 

.dt 

.do 

.d< 

.d« 

.do 

.d( 

.d« 

.d( 

.d« 

.d( 

.d< 

.do 

.d« 

.d( 

.d. 
.d( 
.d« 
.d< 
.d. 



.d< 
.d( 
.d( 



.do 
.do 
.do 
.do 



do 

do 

do 

Hayw (steam) 

OiiritvWks. (Hteam). 



.do. 
.do. 



Bright ron, few cloud*. 
Bright, funny day 



.do 
.do 



Reed (air and 8team). 

do 

Oil City (Steam) 



(See log) 

Thin, fleecy clouds 

Smoky; occaiional cloodii. 

Partly cloudy 

Thin clouda 



do 

Partly cloudy 

Fair 

Clear 

Overcast, then drixslln? 



.do 
.do 
.do 
.do 
.do 



Advance Co. t. steam) 
Advan»*e Co. (air) ... 

Branch (steam) 

do 

Branch (air) 



Clear and pleamnt. 

Partly cloudy 

Clear 

do 

Drisslfng and rain . 



Misty 

Misty and cloudy 

Cloudy 

Partly cloudy to clear 
Clear and dry 



do Heavy mist 

Bran<>h ( .«<team ) Wet and snowinf 

Branch (air) Heavy mist, then claarlny. 



Bt»Mt (steam). 
do 

do 



Har>'ey system (air) . . 

do 

do Best ( air) 

do do 



Misty 

Overcast: heavy tog , 



Clear, dry. and cold . 
Clear and eold , 



••••••• ■ 



.d»> do 

.do do I Cold and clear 

.do Bi-st (steam) ! 
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Hohenstein marine wnter-tuhe boiler. 






O 



1. 

2. 
8. 
4. 

6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

.26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
36. 

86. 
87. 
38. 



8 



2i 
if 

a 

o 

u 



be 
X 



30.02 

30 

29.70 

29.94 

30.13 

29.89 
30.10 
30.08 
30.16 
30.20 

30.18 
30.05 
29.92 
29.96 
29.99 

29.85 
29.93 
30.37 
30.14 
29.% 

30.23 
30.16 
30.14 
30.10 
29.96 

30.04 
29.69 
30.36 
30.30 
29.63 

29.85 
30.17 
30.04 
30.03 
30.04 

30.70 
30.55 
30.38 



Average pressure. 



B 

o 



7.1 



59 
66 
45 

58 
86 

82 
74 



4* a» • 






V 



OB 

5ig 



at 



8. 



273.6 
273.5 
273.5 
273.5 
273.5 

271.5 
272.5 
276 
273.5 
278. 1 

273.7 
274.2 
276.7 
277.4 
276.6 

275.1 
273.2 
275.2 
273.2 
274.3 

271.9 
272. 3 
272 
274 
264.6 

274.6 
273. 9 
273.4 
273.5 
273.2 

273.2 
274.6 
274.5 
274.1 
275.5 

272.5 
273.5 
272.5 



U be 

O V 

il 

•d 

80 X 



9 



3.20 
4.62 
.78 
3.37 
1.41 

1.31 
4.66 
4.68 

32 

29.9 

61.4 

91 

92 

89 

91.8 

92 

90.2 

90 

91 

91 

90 

35 

91.5 

94.2 

49.1 

49.2 

90.9 

49 

90 

90 

90 
23 
23 
70 
71 

70 
70 
90.5 



9.1 



45 

45 
45 
45 
32 
31 

35 
25 
55 
55 
30 

36.5 

65 

35 

30 

30 

33 
18 
16 
25 
25 

24 
20 
20 



Draft pressure in inches of water. 



0) 

10 



TuIk* chamber. 



OS 

E 



S 

c; 

G 

C 

s 

X 

s 

5 



11 



12 



1.27 
2.31 


3. '25 






3.75 











1.03 
2.04 
2.01 
3.02 
1 




2 
2 

2 
2 
2 
2 
1 

3 



1 

2 
3 




0. 78 { 0. 642 

1.55 1.38 

- .15 - .19 

2. 60 2. 02 

■ .15 - .20 



- .17 

- .09 
3.40 

- .20 

- .20 

- .14 

- .14 

- .15 

- .097 

- .14 

1.03 
1.69 
1.51 
2.61 
.80 

- .133 

- .128 

- .136 
1.60 
1.60 

1.60 
1.60 
1.60 
1.50 
.80 

2.40 
.17 
.147 
.138 
.80 

1.45 
2.60 
.117 



- .23 

- .13 
2.30 

- .20 

I 

j- .20 

- .20 

1 

- .16 

-.15 

I 

;- .10 

- .15 

.54 

1.28 

: 1.23 

2.23 

.57 

- .-234 

- .225 
.125 



47 



Front. 



18 



0.25 

.83 

- .25 

1.25 

• .28 

.30 

.21 

1.86 

■ .20 

■ .28 

.28 
.21 
.20 
.20 

• .25 

.26 

.82 

.65 

1.25 

.29 



210 
205 
196 
01 



05 



45 



1.60 


1.60 


.243 


.226 


.243 


.•223 


.238 


.217 


.45 


.43 



.95 

1.62 

.28 



.93 
1.6 
.26 



Back. 



13.1 



-0.233 
.•232 
.219 
.90 
1 

.974 
.97 
.95 
1 
.45 

1.50 
.241 
.243 
.236 
.45 

.95 

1.62 

.28 



3*0 






13. S 



■•>••••• ••«•••••• 



■0.383 

- .388 

- .404 

■ .22 
• .30 

■ .268 

- .26 

■ .29 
.20 
.05 

.50 
.411 
.38 
.393 

- .02 

.3 
.6 
.44 



s9 



I 

11 



0.49 
.05 
.35 
.41 
.40 

.46 
.54 . 
.53 
.38 
.60 

.53 
.53 
.45 

- .50 
.50 

.50 
.50 

■ .52 
.41 
.50 

.525 
.514 

- .556 
.532 
.422 

.42 
.43 

- .38 

■ .40 
.50 

.30 

.534 

.52 

.54 

.55 

- .60 

- .60 
.614 
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Summary of oil-burning UtUt uHh 



No. of 
trial. 



Date of 
trial. 



1 


2 




1 1903. 


39 


. Feb. 6 


40 


. Feb. 9 

1 


41 


. Feb. 13 


42 


.' Feb. 27 


43 


. Mar. 2 


44 


J Mar. 3 


46 


. Mar. 14 



46 Apr. 9 

47 1 Apr. 10 

48 Apr. 17 

49 1 Apr. 18 



60. 

51. 
52. 
53. 
54. 
55. 

56. 
57. 
58. 
59. 
60. 



Apr. 20 

Apr. 21 

Apr. 22 

Apr. 23 

Apr. 24 

Apr. 27 



May 4 

May 5 

May 6 

May 7 

May 8 

61 1 May 22 

62 1 May 25 

63 May 2f) 

frl May 28 



65. 

66. 
67. 



June 2 

June 3 
June 11 



68 June 12 



Dura- 
tion of 
trial 
(hours). 



Kind of oil. 



69. 



•-I 



June 16 



3 



8 

8 
4 
6 
3 
4 



4 

(> 
4 
3 

4 

2 
2 
3 
4 

4 

6 
5 
4 
3 

5 
5 
3 
4 

3 
6 
3 
4 



Beaumont oil. 
do 



Oil burner used. 



SUte of weather. 



Advance (Hteam) ; Clear 

do Clearcold; breeseNW. 



.do 
.do 
.do 
.do 
.do 



.do Clear 

.do I Overcast; rain 2.80 to 5. 

.do Clear and eold 

.do I Clear 



, I Oil City Wks. rsteam ) . Clear and pleasant. . . 



.do ' Santa Fe (steam) 

.do do 



; California oil ' do 

do 

do 

I 

do 

' do 

do 

I do 



.do 

.do 

I 
.do 

.do ;., 

.do '. 

.do I. 

.do ' MacDonald (Nteam) 



.do j Oil City Wka. (steam). 

.do ; do 

.do do 

.do do 

.do do 



.do 

.do 

.do 

.do 

.do 

.do 

.do ' Advance (steam). 



.do 
.do 
.do 
.do 
.do 

.do 



Calif, and Texa.s oils. do 

do I Oil City (air). 



Clear and warm 

.....do 

Clear 

.....do 

Overcast 



Clear 

....do 

Partly cloady. 

Clear 

....do 



.do. 
.do. 
.do. 
.do. 



Partly cloudy 

Overcast and misty .. 
Overcast and drlssly. 

Partly cloudy 

Clear 



do 

Overcast 

Partly cloudy. 
Clear 



BUHHABT OF OIL TESTS. 





■3 


& 
§ 
1 
^ 






Avenge prennirr. 










1 


SI 

11 

1 


1" 


Drift preHBUfoIotacbe. 


ol water. 






1 


1 
1 


ii_ 


J 


Tuba ch-UBber. 


i i 




i 

■3 

d 


Front. Bi 


ck. 




~~t 


J 


T.l 


8 


■ 


"ftT 


10 


ti 


11 


n ~r 


Jl" 


ii.a 1 


_ 


».— 


90. M 




ir73.5 


go 


M 





0.0B7 


..» 


0.102 


aai 


0.8K 


kh 


«..., 


30.15 




27S.& 


80 


■lA 





.06 


.206 


.170 


203 




m 


5«a 


«...- 


30.03 




■m.s, 


20 


27.6' 


.06 .197 


.177 


21 




33 


BI 


«.... 


30.» 




272.S 


20 


25 ; 1 


1.70 1.20 


1.20 1 


14 




372 - 


n 


43.... 


M.47 


'".'.-'. 


imt.fi 




26 1 1 


.HO .45 


.42 






OH - 


w 


«....' ».» 




273. ft 




2fl 3 


2.O0 1.86 


I.8S I 


66 




61 - 


43 


«>.... W.IO 


32 


I7S..1 


w 


MJ 3.7 


2.M .BS 


1.S7 1 


82 




90 


41 


M.... »I.H 


4« 


2fl9.fi 


90 


9 io 


.30 .28 


.265 


27 




SS 


46 


47.... 30.09 


as 


WL.S 


BD 




.60 .20 


.23 


») 




ID - 


46 


*».... w.n 


36 


S73.li 


90 


10.0 


.16 


.27 


,25 


26 




35 


44 


«.... 28.79 


3a 




M 




.65 




.20 


20 






40 


60.... ffl.«l 


47 


27S.5 


IM 


10 a 


2.30 


1.30 


1.40 1 


20 




£0 - 


46 


51....: a(.7o 


as 


07.-1 


W 


23 3 


2 , 1.20 


1-30 1 


10 




40 - 


46 




















4S - 


se 


S3....: ».«) 


29. 


262.5 


90 


K.4 




I. B5 1. 12 


1.20 1 


ID 




40 


44 


M....! acoft 




a6i>.5 


W) 


w 




2.30 1.20 


1.30 1 






48 - 


46 


M....i WW 


32 


»S.R 


90 


40 




,14 .« 


.21 


27 




383 


4fi 


56.. ..1 SO.M 


41 


28^6 


vo 


40 




.IS .W 


.M 


27 




36 


46 


57.... 30.19 


96 


265. S 


w 


41 




.16 .27 


.246 


27 




38 


46 


6S.... 30. IB 


24 


287. IS 


99 




1 


.60 .25 


,30 








40 




■a 




to 


M. ;■• 1 .163 .86 








14 - 




«.... 30.1- 


SO 


■Jff!.!. 


80 


71 3 1 2.fiO 1.40 


i.m 1 


«1 




SO - 


40 


61...J ai.»4 


)K 


2B7.S 


eo 


lua .70 .20 


.10 


■i\ 




31 - 


41 


W...,i 30.a-. 




^ex.K 


BO 






30 




10 


60 


6a.... 30.33 




S70.6 




39 .3 .16 


.90 








20 - 


to 
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Summary of test of Hohensttin marine 
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SUMMARY OF OIL TESTS. 
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TKSTS OF CENTKIFUGAI^ BURXERS. 

Whilo rxiM»riinents were Immiij^ conducted with representative types 
of steam and air luirners under the Hoh(»nstein boiler, the possibility 
of using nieehanical ])urners was given si>ecial consideration by the 
lH>ard. Some independ<»nt experiments were projected with centrifu- 
gal burners, and it is a matter of regret that other important work 
devolving u|H)n each mem])er of the ])oard prevented extended con- 
sideration of this matter. 

As the possilnlity of spraying oil by means of centrifugal force 
looked inviting, two burners were built for experiment. In both 
burners the principle of 11h» turbine was utilized as ]>eing obviously a 
pra<ticable way of stMuring a high rotative speed in a simple manner. 
Thes<» burners wei(» designed i)v ^Ir. Harvey D. Williams, who wa8 
then secn»tnrv of lh<» iioard. 

In tin* iuirner shown in lig. 2iK the attempt was made to support the 
revolving part on a tilm of th(^ steam discharged from the turbine 
bui'kets. This method of support was unsatisfactory, owing to some 
obscure action of the steam which caused the revolving part to gyrate 
ex<*essivelv. 

The burner shown in tig. 27 was designed so as to utilize a ring of 
buckets that was formerly part of an experimental steam turbine. 
In this steam turbine there were tive rings like the one used in the 
burner. The turbine* was comiX)unded in such a way that the outputs 
of iH)wer from the tive rings were ecjual. The turbine, at a speed of 
l.%,(>oo revolutions jmm* minut(\ gave *Jo horsepower, with aeonsumption 
of about 1*0 pounds of steam per horsepower hour. By the use of 
div(Mging steam nozzles the single ring, as used in the burner, should 
give an etliciency somewhat higher than one-iifth that of the com- 
lH>uuded turbine. In other words, the burner turbine should* at a 
s|hmh1 of i;>,(K»o revolutions j)er minute, yield more than 1 horsepower 
on liH» pounds of steam \h}V hour. 

In designing the i)urner, however, the consumption of steam was 
assumed at 4'»o pounds jmm* horst^jK>wer hour. This was to allow, 
among other contingencies, for the unknown viscosity resistance of 
the thin tilm of i»il tlowing fnmi the center of the disk to the periphery. 
Kven with this seemingly aniple allowance only one-ninth as much 
steam should be required as in the simple jet burner. 

The following brief notes, made each day during the tests with cen- 
trifug:il burners, will proUibly In^st tell of the results accomplished 
and of the |H>ssibilities of development in this direction: 

'>. '.'''r/- ,\\ i:>fK\ - First otficial test using burner of form shown in 
tig. 1*7, but without the largi* spraying disk which was added later. 
Pi|HHi for steam and i>il. Steam at l:?r» jK^unds gaugt^ pressure- 
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proportioned for iH) pounds gauge pressure. Turned on nteam. Action 
of tur})ine and pivot ver}' satisfactory. Turned on oil. Some oil seemed 
to escape from the }K)ttom of the rotating part. Oil thrown off from 
milled edge was sucked downward, forming dome-shaped sheet of 
mist, edges of which met turbine buckets. Applied torch. Burner 
enveloped in flames. Flames rather gusty. Smoke varied with quan- 
tity of oil. Turned off oil and steam. Turbine ruined, half of the 
buckets having been ruptured by centrifugal force. The buckets 
were probably at a red heat, however. Buckets collided with brass 
nozzle tips and beveled them off. 

STEAM PIVOT i'EXTKIKl*(fAL BURNER. 

Octohr ^S^ 10C)2. — First official tost using burner of form shown in 
fig. 26. Piped for steam and oil. Turned on steam. Top did not 
revolve. Allowed some minutes for })urner to warm up to tempera- 
ture of steam. Ste^im film afforded a frictionless support, as expected, 
but top would rotate only slowly. Steam orifices are too small (8 by 
1 32 by 1 82 inches), and some of them are stopi)ed up with dirt. 
Broke pipe connections. About a quart of unlnirnt oil on the ground 
where the burner stood. During the following day the steam pivot 
burn(»r was dismantled, and the size of the steam passages was 
increased to a]K)ut I 16 by 1 16 inch, giving them also rounded 
entrances and tapered exits. 

Ortohrr 2iK VM2, — Piped for steam and oil. Turned on steam. 
Top spun at a high nite of speed, but gN'rated excessively. Gyration 
was against the rotation, i. e., like that of a tody whose center of 
gravity is below the point of support. Hence g^'Vation was not the 
effect of gravitation and nnist have b(»en the effect of some action of 
the steam. Top offered a good deal of resistance to being lifted off 
the pivot when rotat(»d by steam. Resistance appeared to be at least 
two or three times its weight. Bushed the hole in the pivot to reduce 
amplitude of g\nition. Gyration not j)revented; only reduced. 
Drove a wooden plug in the oil hole and made a solid pivot. Top 
spun perfectly. Cut a groove in plug to allow passage of oiL 
Turned on steam and oil. Applied torch. Burner worked properly. 
Oil ignited about 6 inches from burner. Outside diameter of flame 4 
or 5 feet. Flames seemed inclined to go out when torch was with- 
drawn, possibly due to the wind, which was quite brisk. When not 
ignited the burner makes a shrill, squealing noise. When ignited 
then* is iidded a roar, due to the flames. When flow of oil was 
increased, the top was lifted as nmch as 3 inches from pivot and 
continued to spin on the jet of oil. When flow of oil was again 
reduced, the top fell back onto the j)ivot without mishap. 

Octoher JO, 1902, — Made a solid step of brass for pivot to spin on, 
the same as in the solid pivot burner. Made a disk 10 inches in diam- 
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eter of stovepipe iron and titted it for fastening onto either Immer 
with two i-inc*h screws. 

Octnher ///, 1902. — Both ))urners now having solid pivots they will 
be referred to as the 8-jet burner (originally the steam-pivot burner) 
and the dou))le-jet burner. 

The S'jet hunger. — Piped for steam and oil. Built a cylindrical 
furnace 4 feet in diameter and 4 feet high of loose brick, arrangt^d as 
solid checkerwork, around the ))urner as a center. The plane of spray 
was a))out 14 inches above the ground. Openings were left near the 
ground for the entrance of air, and tire bricks were built in at the level 
of spraying. There were eighteen air openings about (5 inches wide by 
8 inches high, etjual to 8<)4 s(iuare inches. Behavior of top satisfactorj*. 
Turned on a very little oil and caught specimen of spray on blotting 
paper. Turned on more oil and ignited. Steam pressure, 80 to IH) 
pounds. Steam very wet. Oil pressure. 15 to 25 pounds. Oil pres- 
sure fluctuated about 5 pounds with each stroke of oil pump. Com- 
bustion occurred in puffs or gusts at intervals of two or three seconds. 
Gusts did not time with strokes of pump or with anything else that 
was noticed. Under these conditions the smoke was moderate. With 
more oil the gusts did not occur, but the smoke increased greatly. 
Oil and steam were varied by manipulation of valves with no note- 
worthy results. The experiment continued perhaps half an hour, 
until the ))rickwork became very hot, though not red-hot. Turned oflf 
oil and steam. Top was in perfect order and continued to spin a long 
time. The inside of brickwork was perfectly clean. There appears 
to ))e no tendency to deposit car))on. The outside of the brickwork 
was, however. })lack from the smoke and flames that came through the 
cn*vices. 

At the })eginning of the experiment there was a cliimney (12 by 12 
inches outside dimensions) built of loose ])rick around the burner from 
the ground uj) to within about 1 inch of the spraying plane. The 
object of the chimney was to protect the Imrnerand piping from radiant 
heat. But the chinuiev top appt^annl to suck the spray downward, 
partly into contact with itself. The* cbimney was, accordingly, tumbled 
down with an iron rod while the burner was in operation. The result 
was that the oil was now all i)urnt. wh(»reas before much of it collected 
on the top of the chimney and ran down it to the ground. 

Ihnihlf jrf /'///v/r/'. —During the interim cleared nozzle orifices, 
drove on a new buck(»t rim. and reduced width of oil slot to about ^ 
inch. Piped for steam and oil. The ))urner has the 10-inch sheet- 
iron disk for increasing the size of the spraying circle. Rebuilt fur- 
nace 4 fet»t in diameter and a))out 3 feet 8 inches high. Air openings, 
18 by ♦) ))y 4 inches, ecjual 482 S(iuare inches. Turned on steam. The 
pressure at the boiler was l»o j)ounds. The turbine worked beautifully* 
Threw in a piece of burning oil-soaked waste. Turned on oil. Tlld 
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combustion is much better than ever before. Free from gusts. Little 
smoke. There is, however, no wind, a condition not had in any pre- 
vious experiment. So nmch heat was developed that it was incon- 
venient to stand within 12 feet of the furnace. One could not continu- 
allv stand bv the steam and oil valves. After about three minutes 
something connected with the burner suddenly gave way. Shut off 
oil; the 10-inch sheet-iron disk had exploded. The oil flowed over the 
bottom of the disk, leavinof the top unprotected from the heat. One 
side of the fractured disk was black with oil, while the other side was 
blue from the heat. The buckets of the turbine were apparently 
unchanged. Turned on steam again, adjusting quantity so that tur- 
bine gave about the same whistling note that it gave during the com- 
bustion experiment. A violin was brough from the U. S. S. Rodget's^ 
and after tuning it was found that the tur))ine note was one octave 
above the open E string. There are 32 buckets on the turbine. This 
makes the speed of the turbine about 2,500 R. P. M.* 

Xoveniber 3^ 1902, — Made a disk of sheet iron Vy-inch thick and 10 
inches diameter, and fastened to burner in such manner that the oil 
flows over its upper surface. Assembled burner and repaired circular 
furnace, making it 38 inches high and 4 feet in diameter. Tried 
burner at 5 p. m. It seemed to work satisfactorily in all respects. 
The oil was able to protect the disk from overheating during the few 
minutes that the experiment lasted. Speeded up turbine without 
igniting oil and caught samples of spray on blotting paper. 

Xovemher <9, 10L>2, — Repaired brick wall. Steam at 90 pounds. Oil 
at 25 pounds. Turned on steam. The burner began spinning all right 
and soon attained speed. Ignited some kerosene-soaked waste and 
dropped it beside the burner. Turned on oil. There w^as instant 
ignition. Stepped aside to observe the effect. More oil was being 
supplied to the burner than it could take and spray properly. Much 
oil was escaping downward from the burner. Could not shut off the 
oil at the valve on account of the intense heat. Ordered it shut off at 
the pump. Oil continued to flow on account of the air chamber on 
the pump. Something exploded and demolished one side of the fur- 
nace. The turbine ring had broken loose. The ring was merel}^ 
driven onto the cast-iron center. The heat and centrifugal force had 
been sufficient to expand it to the degree of making it loose. When 
free it tore off the 10-inch disk. The cast-iron center continued to 
spin for some time. Half the buckets were torn off the turbine ring. 
The 10-inch disk can be used again. 

Noueinher 11^ 1902, — Burner again read}' for trial. A new turbine 
ring has been driven on and fastened with three i-inch screws. The 

♦It was unfortunate that we had not a more reliable means of determining the speed, since this 
result seems questionable. The buckets of the turbine could safely withstand 15.000 revolutions per 
minute, and at sue* a speed, barring mishaps, the spraying would have been far more effective. 
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lO-iiH-li disk is fastened as before. Oil passageways through the cast- 
iron center have Iwen sonu»wliat enlarged. 

Xoi^finhr 7-7, 1U02, — Assembled the 2-jet burner and connected 
pijK's as heret^)fore. Inst<»ad of a i»rick wall around the burner, two 
curved lK>iler plat<»s from the scnip pile were useil. The lower edges 
of the {)lates w<»re lifted off the ground by the thickness of three 
bricks. The* plat<»s made an inclosure about 5 feet in diameter and 4 
feet high. Turned on steam from the main boiler. Placed some oil- 
soaked waste on the ground within th(» inclosure and ignited it. Oil 
pump start(Hl and orders given to keep oil pressure at about 20 pounds. 
Wh(»n the oil valve was opened there was instantly an intense com- 
bustion within th<», indosun*. The heat was so great that the oil sup- 
ply had to })e reduced. The volume of the tire was as easily controlled 
at the valve as in a conmion gas jet. After about five minutes the 
burn(»r went to pi(»c(*s, caused by the backing out of the supportinf^ 
pipe when* it scn^ws into the pipe litting on the pedestal. 

Siininmnj. -The steam pivot })urner was a failure from the start, 
and it is not considered advisa))le to attempt to correct all its faults. 

The solid pivot burner failed at lirst ))ecause the oil was not thrown 
off from its gr(Mit(*st diameter, and afterwards because some of the oil 
escapt»(l downward and burnt underneath, thus heating the burner, 
and linally from the parts not being securely fastened together. 

CONCLrSIONS AS TO CENTRIFnJAL BURNERS. 

First. The oil should be thrown off from the largest diameter of 
the burnt»r. 

S(»eond. Th(» burner must })e so arranged that the only outlet from 
the oil leads to the inttMuhnl spmying edge. The construction of the 
experimental burner was such that part of the oil went wrong when 
the amount fed was greater than a certain maximum or less than a 
certain minimum. 

Third. Th(» oil should be intnxluced at the center of the spraying 
disk and flow over the whole of the surface exposeil to the radiant 
heat. 

Fourth. All parts should l)e secured by fastenings, which are more 
n*lia})le than mere friction, however great; otherwise the verj' high 
s|hmm1 of rotation will shake them loose. 

Fifth. There is no evidence that the amount of oil fiowing through 
tht» burner is not amply able to keep it at a safe temperature. In fiict, 
the cooling {K)wer of the oil compared to the amount of surface of the 
burner is many times greater than the cooling power of water com- 
j>ared to the heating surface of a >>oiler. The ratio is from 25 to 200 
or 8iK» in favor of the oil. 

Sixth. By leading the air requii^ for combustion in along the 
burner head or burner mechanism, the inrush of air can itself be made 
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to absorb much of the heat which the disk receives from radiation, the 
air thus constituting a cooling medium to the mechanism. 

Seventh. These experiments were all conducted in the open air and 
some of them in a wind. Hence there was little of the benefits 
derivable from the presence of glowing furnace walls. How much 
this affected the result is, of course, uncertain, but it is the opinion of 
many who witnessed the experiments that the presence of hot furnace 
walls would have resulted in a very great improvement. 

PROPOSED CENTRIiTTGAL BURNER. 

Mr. Williams, the designer of the foregoing burners, after careful 
study of the principles involved and the results of these tests, designed 
a new burner which is shown in fig. 28, but the construction of this 
burner was not completed in time to be experimented with before the 
conclusion of the main series of boiler tests. However, as designed, 
this prop)osed burner shows man}' features which it is known can be 
employed in fonning a successful means to atomize oil In^ centrifugal 
action. 

In this burner but one disk is used, this disk constituting both the 
spraying edge and the medium to carry the steam turbine buckets. 
The buckets are riveted to the disk of saw steel in a circle one inch 
within the edge of the disk. The steam turbine nozzle is located 
within the circle of buckets, and blows its steam outwards, as shown in 
the upper part of the figure. To gain economy in steam consumption 
the precise form of the De Laval nozzle or tuyere is used, which noz- 
zle it may be said has the property of increasing the velocity of the 
issuing steam to its highest point, and the buckets passing within this 
jet of high velocity have imparted to them the energy derived from 
the jet. The amount of steam used is so small that one jet should be 
amply sufficient to exert all the centrifugal force required to effect the 
necessary vaporization with oils of usual consistency. The pivot itself 
is arranged so as not to require any outside lubrication, this being 
effected by a small b^^-pass of the oil to the outside sleeve of the fixed 
pivot. 

The fuel oil, under a slight pressure from the pump, is caused to 
pass up through the center of the mechanism to the top of the spray- 
ing head. It is here caught by the rapidly whirling disk and flung 
away with high velocity from the revolving edge. This passage of 
oil over the disk constitutes in a measure a cooling jacket to protect 
the metal of the disk from the intense i^adiation of the furnace from 
above. Cooling on the under side of the disk is effected by taking in 
a portion of the air supply through a flared opening in the grate 
immediately under the revolving disk. The action of the furnace 
draft, together with the steam blast created by the steam tuyere, tend 
to produce a sharp flow of air immediately under the rapidly revolving 
portion of the disk. 
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The burner as thus constructed would natumlly be regulated by 
controlling the oil supply, the entrance of steam being kept at a point 
to insure the maximum rotation of the disk. 

In the practical introduction of these burners into fire boxes they 
would probably be located in the center of grates of square fire-box 
furnaces, and the air supply would be brought in, as indicated, mainly 
around the burner, and additional air, as needed, through proper open- 
ings in the grate. For purpose of use in furnaces of Scotch boilers it 
would be desirable to place the rotating head in the end of the furnace 
casting, and require the disk to revolve in a vertical plane. With 
small-size Scotch furnaces it would be necessarv to reduce the diam- 
eter of the disk and increase the speed of rotation by use of one or 
more steam jets. 

32196—04 18 
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SUPPI-EMENTARY EXPERtMEXTS CONDUCTED. 

Ab a direct result of the preiiminary report submitted hy the board, 
there were special experiments conducted by individuals, and in many 
cases the ^jencral results of these experiments have been submitted to 
the Bureau of Steam Engineering, Attention is called to the several 
designs of plugs used in a series of tests, which were made under the 
direction of the marine engineering experts of the New York Ship- 
building Company, of Camden, X..T., to ascertain the effect of spraying 
the oil through various sized holes drilled spirally through a plug 
or cap fitted to the end of various burners. It may he incidentally 
stated that the steamers Nevadan and Nelfniskan, plying between San 
Francisco and Honolulu, are equipped with burners wherein such dis- 
tributing plugs are fitted. This series of tests, conducted under the 
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special direction of Mr. L. D. Lovekiii, of the New York Shipbuild- 
ing Company, undoubtedly established the fact that efficient results 
could be secured by reducing the size and increasing the number of 
the holes drilled through the end plug, taking particular care, how- 
ever, that the holes should he drilled spirally at an angle that would 
permit a short and evenly di.stributed flame and one well spread near 
the burner end. The various modihcatioiis of plugs are shown in the 
appended sketches with the general results obtained after comparative 
experiment with the several designs. 
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EXTE:NTr OF RESEARCH WORK AND INVESTIGATION CON- 
DUCTED BY THE BOARD. 

In the investigation of the important problem of attempting to 
determine the value of liquid fuel for naval purposes the board made 
special effort to note the development as regards the use of liquid fuel 
secured by the industrial and maritime world. The oil-fuel installa- 
tions of several ocean-going steamers were carefully examined under 
actual working conditions. The installations projected by various pro- 
moters were critically inspected. The operation of various patented 
oil-fuel devices installed at several industrial establishments were 
reported upon, so that the board could ascertain by comparative 
observation and study the trend of development of oil-burning under 
various conditions both for manufacturing and marine purposes. 

Hundreds of letters have been received from technical experts 
throughout the country, and the conclusions reached by the board 
represent a vast amount of research, investigation, and experiment. 
The board can unhesitatingly state that both upon the part of the 
engineering profession and of skilled labor there is a general desire 
to have oil supplant coal as a fuel for practically every purpose. The 
prejudice in favor of oil is so great that it is strikingly significant that 
the general public is told very little concerning the disadvantages, but 
is repeatedly reminded of every advantage accruing from the use of 
oil as a fuel. The desire to use liquid fuel thus pnictically exists every- 
where. When manufacturers, however, attempt to secure some guar- 
anty that the numerous promises made as to reduced cost and assured 
supply will turn into performances, then become manifest the hin- 
drances to the use of oil as a fuel. It may also be said that up to the 
present time, except upon the Pacific coast and in certain portions of 
the East Indies, the more carefully shipowners inquire into the finan- 
cial, structural, and transportation features of the oil-fuel problem, 
the less inclined they are to dispense with the use of coal in the f uniaces 
of their boilers. 

THE OIL-FUEL INSTALLATION OF THE STEAMSHIP MARIPOSA. 

The board believes that the observ^ation and report of Lieut. Com- 
mander Ward P. Winchell, U. S. Nav}^ as to the installation of oil-fuel 
appliances on board the steamship Marlpona should be considered in 
connection with this extended series of tests, since the data secured in 
regard to the performance of that vessel was collected with exceeding 
care, this officer having made the round trip on the vessel as the repre- 
sentative of the Bureau of Steam Engineering, Navy Department. 

271 
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The extent and character of the information secured by this officer 
sugi^ests the advisability of detailing other officers for special duty of 
this nature. The board is of the opinion that if several commissioned 
officers could ])e employed continuously in this work for one or two 
years there could be secured sufficient reliable information to justify 
the Department taking decided action as to the advisability of exchi- 
sivel}'^ equipping even a large-sized warship with an oil-fuel installation. 

The board, after making inquiry, has been impressed with the 
number of officers who are ready to volunteer for such work, and who 
are specially fitted for this particular duty, and there is no doubt but 
that naval interests would be subserved bv such details. 

As it can be expected that sevei*al mercantile vessels will make the 
round voyage between the Pacific and the Atlantic coast during the 
coming year, using oil exclusively as a fuel, the Ixmrd specially recom- 
mends that arrangements be perfected whereby a commissioned officer 
could be detailed to the special duty of observing and reporting upon 
the eflfectiveness of every oil-fuel installation subjected to such ex- 
tended service. 

THE VOYAGE OF S. 8. MARIPOSA, USING AX OIL-FUEL INSTALLATION 

EXCLUSIVELY UNDER HER BOILERS. 

The following is a description of the steamer Mariposa^ of the 
Oceanic Steamship Company, as fitted for oil-fuel burning, with an 
account of the preliminary trial trips of the vessel as witnessed by 
Captain 11. N. Stevenson, U. S. Navy; also the report of Lieut. 
Commander Ward P. Winchell, V , S. Navy, who officially represented 
the Department on the round trip of the steamer l>etween San Fran- 
cisco and Tahiti. 

REPORT OF CAITAIN H. N. STEVENSON, U. S. NAVY, ON THE OIL- 
BUKNINCJ FITTINGS OF THE S. S. MARIPOSA. 

The ^Inrqumi is a single-screw iron steamer, built at the yard of 
William Cramp &. Sons, Philadelphia, Pa., in 1883. She recently had 
new engines and boilers installed by the Risdon Iron Works, San 
Francisco, Cal., the oil-burning plant having Ijeen installed by the 
same* company. 

This vessel has been employed in the Pacitic trade, and is now run- 
ning to Tahiti from San Francisco, making the round-trip voyage of 
7,320 knots each month. 

Dt'iu'rijttioii of the Maripo»i. 

(iross tonnage 3, 160 

Leii^h lK»twtH»n i>erpi»n(Hcularfl feet. . 314 

Ik'aiii - do. ... 41 

Mean draft do 22 

Depth of hold do 17j^ 
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There is a single bottom with four water-tight athwaiiship bulk- 
heads, and two masts, square rigged on the foremast. 

The total crew was formerly 81, but since the change from coal to 
oil burning 16 men hav'o been taken out of the engineer's force, 
reducing the crew to 65 men and making the engineer's force for oil 
burning 20 men, as follows: 1 chief engineer, 3 assistant engineers, 3 
oilers, 1 electrician, 1 attendant for ice machine, 1 attendant for air 
compressor, 3 water tenders, 6 firemen, 1 storekeeper; total, 20. 

THE ENGINES AND BOILERS. 

There is one triple-expansion engine of the inverted direct-acting 
type, with cylinders 29 inches, 47 inches, and 78 inches by 51-inch 
stroke, designed for 2,500 indicated horsepower, fitted with piston 
valves on the high pressure and intermediate pressure and slide valve 
on the low-pressure cylinders, all driven by link-motion. The con- 
denser is part of the back framing. The cylinders are not jacketed. 

The air, feed, and bilge pumps, of which there are two sets, are 
driven from the forward and after crossheads. The centrifugal cir- 
culating pump is driven by a separate engine. The 4-bladed propeller 
is 16 feet 6 inches diameter and has a pitch of 23 feet. 

There are three cylindrical tank boilers placed fore and aft in the 
line of the ship — two are double ended, 15 feet 3 inches diameter by 17 
feet 3 inches long, and one single ended, 14 feet diameter by 9 feet 9 
inches long, the latter placed amidships forward of and worked from 
the forward fireroom. Each double-ended boiler has six corrugated 
furnaces; the double-ended boilers have a common combustion chamber 
for opposite furnaces, while the single-ended one has a common com- 
bustion chamber for its three furnaces. There is one smokestack for 
all the boilers. The combustion chambers of the double-ended boilers 
have a brick bridge wall, and the back sheet of the single-ended one is 
covered with fire brick. The decision to use oil in place of coal was not 
made until the changes in engines and boilers were well under way, 
and it was decided to put the ship on the route to Tahiti. The steam 
pressure averages 180 pounds. There is one auxiliary boiler, two- 
furnace return -tube type, in upper fireroom hatch, and fitted to burn 
coal onlv. 

THE OIL TANKS. 

These were constructed out of the old coal-bunker space forward of 
the boilers, and as the steamer is intended to carrv oil for the round 
trip of about 7,320 miles some additional space had to be taken from 
the forehold. They are arranged as follows: Just forward of the 
boiler space a solid water-tight bulkhead, well braced, was built from 
the berth deck to the single bottom of the ship, extending to the 
single skin of the ship, from side to side; 4 feet, or two frame spaces, 
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fonvanl of this was also built another similar solid Imlkhead, which 
formed the after ends of the oil tanks; 48 feet farther forward anotlier 
similar solid Imlkhead was Imilt to form the forward ends of the oil 
tanks, and 4 feet fonvard of this another solid bulkhead. The spacci» 
of 4 feet at each end of the tanks })eing a coflferdam spaoe to catch any 
oil from leakage or accident, these cofferdam spaces can }>e tilled with 
water if necessary. The tank space is divided into six tanks by a 
middle bulkhead and two side partitions. Splash plates to break the 
impact of rolling are placed in each tank, a small opening at the top 
allowing any accumulation of gas to pass off to the ventilating tnink. 
Small optniings at the })ottoni allow fn»e conmuinication for the oil. 
Along the to]) of the tanks is provided an expansion head or trunk, 
being 4*^ feet high and 4^^ feet wide. Over each a ventilating tniiik 
connecting with the top of each tank ext<?nds up to aliout 5 feet alK)ve 
the hurricane deck. The cofferdam spaces are ventilated by tubes 
reaching to th(» upper deck, fitted with cowls, one tul>e reaching to 
near the bottom to carry off any heavy gas that might accumulate 
there. From the upper deck the sounding pipes to each tank are 
reached. There are no pi|>es in or through the tanks except those 
connected with the oil service. The total capacity of the tanks, exclu- 
sive of exi>ansion trunk, is (),838 })arrels of oil — about 9<)5.43 tons. 
One l)arrel of oil eiiuals 42 gallons. 

To till the tanks, on the port side outside the ship a 6-inch hose 
coniHH'tion is fitted. From this a pijw leads to the forward tireroom, 
where the tank oil pump is placed. This pump, horizontal duplex, 
steam cylinders, inches, oil cylinders 8^ inches, stroke 10 inches, can 
N» used to draw its sui)ply from the pijx^ and deliver into each of the 
tanks, or by using by-passes, which are provided, the oil Imrge along- 
?»ide can fill all the tanks. An oveiilow pipe from each tank, carried at 
height of the deck above them, leads to an overflow outside the ship 
near the supply-hose coupling. 

Tin* re are two service or settling tanks j)laced in pockets ft)mied on 
eiih«'r side of th(» single-end(»d l)oiler. They are n?ached by doors 
from th<» forward fireroom. Each of these tanks holds about twelve 
hours' supply. Th(\v are filled })v the oil-tank pump and have over- 
flow^ IwK'k to th(» main tanks. Ventilating tul)es lead from near the 
\nfiXo\u of the jKK'kets in which they are placed to the smokestack. 

Ka<li M»rvi<<» tank is provided with glass gauges. V)v means of which 
t\it* amount usi'd (»verv hour or watch can 1x5 easilv measured. 

F>jirh Mottling tank has two suction pipes, one at bottom to draw oflf 
WHt#T if iM*cr>sary, the otht»r at a height of alnnit two feet for the 
oil -npply to the s<»rvic'e pum])s. All the tanks are provided with 
marilioh-^ t<i n»ach tlio interior. 
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THE OIL-SERVICE PUMPS. 



The oil-service pumps, of which there are two — horizontal duplex, 
steam cylinders 6 inches, oil cylinders 4 inches, and stroke of 6 inches, 
one being large enough to supply all the burners — are placed in the 
forward fireroom on either side. They draw their supply from the set- 
tling or receiving tank through removable strainers placed so the}' can 
be easily changed for cleaning, and discharge into the bottom of the 
small heating tank near them, where the oil is heated by a steam coil 
to not more than 150^ F., and thence by a pipe to the burners. The 
air from the compressors, under a pressure limited to 40 pounds, dis- 
charges into the top of the heater tank on its way to the burners, so 
that the oil and the air go to the burners under the same pressure. 
The heater tank is provided with glass gauges; also a float to work a 
telltale and automatic control of oil-supply pump. 



THE AIR COMPRESSOR. 



The air compressor is placed in a pocket off the upper engine-room 
platform, and consists of duplicate steam and air cylinders connected 
to a crank shaft carrying a fly wheel turning between the cylinders. 
Either sot is large enough to supply all the air necessary. The air 
compressor is horizontal, double-acting, duplex. Air cylinders 22 
inches, steam cylinders 12 inches, diameter, by 18-inch stroke for all 
cylinders. Capacity equals 1,(X)0 cubic feet of free air per minute 
compressed up to 30 pounds at 120 revolutions per minute. Air is 
used at the heat of compression or as heated by the air heater. 



THE ATOMIZER. 



The atomizer, for which patents are pending, is the joint invention 
of Messrs. Grundell and Tucker, San Francisco. 

The atomizer, shown in Hg. 85, consists of a hollow plunger for the 
oil, screwed into a pipe through which the air passes. The outlet for 
the oil is through a series of small holes at right angles to the central 
hole; the air meets the oil through spiral directors and is sprayed into 
a rose shape by the expanded end of the atomizer 

The air and oil pipes have globe valves to regulate the supplj" of 
either; also plug cocks connected together to a handle, by means of 
which each burner can ^)e shut off immediately, in (*ase of necessity — 
a slow-down ])ell, or other cause. The air-supply pipe is also con- 
nected to tht^ steam line so that steam can be quickly substituted for 
air, if desired. The length of the oil plunger is adjustable, to give the 
best form to the rose-shaped flame. Two burnei's are fitted to each 
furnace. 

THE AIR HEATER. 

A part of (*ach furnace front is a hollow iron casting, through which 
the air jxasses on it^ way to the atomizers and becomes heated. The 
chamlxM' surrounding the burner is lined with a crucible lead lining; 
a by -pass to the burners is provided for use in case of accident to the 
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value of being able toshutotf the oil and air quickly and clean or sub- 
stitute other atomizers was shown by this mishap. The burners made 
considerable roaring noise, and the air pressure was, in order to clean 
the burners from dirt, carried at about twice the intended pressure, 
owing to the inefficienc}' of the strainers, which allowed dirty oil to 
choke them. They had to be taken out frequently for cleaning. By 
shutting off with the lever, the regulating valves were left in adjustment 
for starting the Hre again, provided it was right before. The new fire 
is stai-ted by a torch inserted into the plug hole around the burner. 

On the second run the strainers and regulating device for the heater 
tank had ])een completed. The oil appamtus was handled with greater 
ease and uniformity, and the less amount of smoke was very notice- 
able. For intervals of an hour or more scarcely any or none would be 
observed. On the run in from the Farallone^ the engine was speeded 
up to 74 to 77 turns, and an avemge speed of 14i knots was obtained. 
The steam pressure was uniformly maintained at the point desired 
without difficulty, and the oil-burning apparatus gave no trouble what- 
ever and worked well. 

The oil used on ])oth runs was from the Kern River district, near 
Bakersfield, Cal. 

The follow ing datji was observed: 

Steam presi»ure pounds. . 160-170 

Revolutions of enjfine 74-77 

Revolutionj* of air oonipret«sor 60 

Pressure of air pounds. . 20 

TeniiH^rature of oil entering heater ** F. . 80 

Tenii>eniture of oil leaving heater do 120-130 

Temi)erature at base of stack do 750 

It is regretted that the nature of the trials did not permit of obtain- 
ing a greater amount of data beyond observing the apparatus in use. 

The chemist at the New York navy-yard submitted the following 
report ujK>n the siimple of the Kern River district oil sent him for 
analvsis: 

The siiniple is ]>ra<'tii'ally free from low lH)i]ing naphtha, as on distillation only a 

small |>envntage passeil over Inflow 150° C, an<l U»«? than 10 per cent l)elow 225* C. 

A Iniiling i>oint alx»ve 3<U)° ('. was reache<l l)efore the second 10 per cent was collected. 

It shows on ultimate analysis the following i*oni position: 

pprcenc 

Carl>on 84. 43 

Hy«lroirtMi 10.99 

Nitn>g»*n 65 

Suli>hur 59 

Oxyjri'n 3. SI 

This ^ives a ealoritic value, hy Dulong's fonnula, of 18,806 B. T. U. The specific 
jrraviiy at r^»= F. is 0AHV2. Flash jK»int, 228° F. Fire i>oint, 258® F. Vaporiaatioil 
jKMUt, 17S° F. L*>ss for six hours at 212° F., 12.01 per cent. 

H. N. Stevensox, 
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RKI*ORT OF LIEUT. COMMANDER WARD WINCHELL ON THE VOTAGE OF 

THE MARIPOSA. 

U. S. S. Boston, 
At Sea, August 15, 190^. 

Sir: In accordance with the Department's telegraphic order of Julj 
7, 1902, delivered July 8, 1902, and the instructions from the Bureau 
of Steam {Engineering, dated July 7, delivered a few minutes before 
sailing, I took passage on the Oceanic Steamship Companj'^s steamer 
Marlpom. leaving San Francisco at 10 a. m. July 15, 1JH>2, for the 
round trip to Tahiti. 

In accordance with the instructions of the Bureau, two sets of indi- 
cator cards were taken each day, making forty-five sets in all, the 
data of which were worked up. 

There have been no tests to determine the evaporative efficiency of 
the two main double-ended boilers used on the run, and I regret to 
report that the chief engineer of the ship was unable to improvise any 
apparatus by which the amount of feed water could be determined 
with accuracy enough to give data of any value. 

The amount of oil is a matter of nuich importance, since the tanks 
hold barely enough to make the round trip, and but one day's supply 
of coal was aboard. The oil was measured first by the amount pumped 
into the two settling tanks, as shown in inches on the sc*ale back of the 
gauge glasses on the tanks: second, this amount was checked by the 
numlx^r of inches used out of each tank for each watch; third, another 
check, and the one considered most accurate as dealing with large 
quantities and small errors, was by sounding the tanks from time to 
time and comparing the amounts taken out with the expenditures in 
the log. The latter method gave a correction which was applied to the 
daily log, increasing the daily expenditure slightly, as summed up by 
inches in the settling tank. 

The most rareful insj)ection at Tahiti failed to show any bad effect 
of the flame \\\to\\ the boilers. Neither leaks nor defects developed 
anywhere al)out them and there was no difficulty at any time in feedinf^ 
the lK>ilers. Having been ordered to the U. S. S. Bmtcn immediately 
upon my arrival at San Francisco, the opportunity was lost for again 
inspei»ting the l>oilers. but no defec'ts showed from the outside. At 
Tahiti the tulx^s were swept by tube scrapers, and back eonnections, 
uptakes, ash pans, and furnaces were cleaned. All the refuse from 
thes*^ various places Iwn^ly filled two ash buckets. 

This n»fuse, mainly s<x)t, was the result not only of the twelve daya' 
run to Tahiti, but also of the three preliminary trials by the eontnurton. 
The first one, a four-hour trial of engines and boilers, was made with 
Comax tH.ial. and the other two were fn*e runs at sea, of about ein^t 
hours* duration each, burning oil. The tul)es had never been cleaned 
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previous to arrival at Tahiti. It is the intention hereafter to make the 
round trip of twenty-four days' steaming without sweeping tubes. 

There are no precautions other than those usually taken on board 
ship, to guard against fire or explosion. All spaces to which oil has 
access are well ventilated by both inlet and outlet ducts. The oil is 
a thick dark fluid, like molasses, and in the open air burns slowly, 
giving off much smoke. But it gives off volatile gases which form 
explosive mixtures with air, tanks empty or nearly so being more 
dangerous than full ones in this respect. The ship is electrically 
lighted, but in addition an open hand lamp is burning in the fireroom 
all the time to light the burners; the firemen smoke on watch, and the 
oil is treated no more tenderly than if it were coal. On the run back, 
the cargo of copra was stored all about the expansion trunk, which 
projects up 4^^ feet between decks, completely covering the tanks and 
making them inaccessible for examination. 

Of the 6 firemen, 3 were relieved from watch the second day out, 
leaving but 1 man on a watch to fire 12 furnaces in two different fire- 
rooms separated by the length of the double-ended boilers. The water 
tender did not touch the burners except in emergency, his duty being 
to 'tend water, fill settling tanks and record height of oil in them, 
record temperatures of oil at settling tank and in heater of fireroom 
and of superheated air, take reading of lower pyrometer where the 
two uptakes meet, and run oil pump supply ing oil to the settling tanks 
and small oil pump supplying oil to the oil heater. 

As a coal burner the Mariposa formerly had the following engineer 
force: 1 chief engineer, 3 assistant engineers, 3 oilers, 12 firemen, 12 
coal passers, 3 water tenders, 1 messenger, 1 storekeeper; total, 36. 

A reduction of 16 men in the fireroom force is effected by oil burn- 
ing. At sea she needs now but 3 firemen, but carried 6. This would 
reduce the force by 19 men. 

Temperatures of firerooms seem to be about what one would expect 
in coal burning, but the tempemtures of the uptake and smoke-pipe 
gases run high, the maximum l)eing 925, which shows an undue loss of 
heat here. The temperature of the oil in the settling tanks ranged 
between 68" and 100^ F. on the trip out and between 90^ and 108° F. 
on the trip back. 

The oil auxiliaries comprise 1 large oil pump, 2 small oil pumps, 2 oil 
heaters, 1 air compressor, and 4 strainers. 

There is a steam-pipe connection to blow out the oil strainers, and 
another one to blow out the oil burners when clogged. 

On August 3 the air compressor needed overhauling, and steam 
atomizing was kept up for two and one-half hours until the compressor 
was again working. During this time the evaporator supplied enough 
feed water to use 20 burners; the engines were not stopped while 
shifting from steam to air atomizing, and averaged 67.8 turns for the 
two and one-half hours. They had before been making 70 turns. 



i^< 
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At tir^t :; tirf-mf n and a water tender were on wmu-h a< a tzsK. •*»*!! 
ti reman Fiavin^ 1 tirepxjni of •> funnwr>, or l:f humersL Tl^ m»w iiani 
but lit tit- exp^rien«-e. «'oniha*ition wa** jvxjr. mu«-h ^moke «:k> '-=^^ 
much «•!! KuHiM. and poor r^peed attained. To locate tte- r 
hility ffir '<«d adjustment of burner valve**. }ml 1 tirv-man i 
at a time tri attend 1:; furnace?- i'j4 burner^ i. ThL* madi^- ac !z.p?«: 
ment in tfie combu<>tion. 

rnfortunat^-ly. the top of the funnel can not J* •♦^-n fnjo: ^rrhp^r 
tirero^^m. arid whib* the fireman can tell by the app«araiH-e of xh*^ 
a- -hown in the >ight hole, or even by the roar of the hcnw-r. 
th*- tf-^'m 'Motion i- fx-rfect, in designing a ^M>iler room for ik^ii>i fs?i 
the v*-r;r:Iator« ^-houid l»e m-* arranged that a view of the Ujp »ji t&e- 
-m"k*- pif^ •■an ^*e had from f-ach lirerrxjm. 

TLf- work of the fireman would >>e even easier than it i« aoi •3^«#r 
re-^!t- attaiiiM if the oil and air pre>«»un' were kept (^otto^aat aed tie 
h*^led t^-mperature of the oil ron>tant. The apparatu!^ then, •jntyr pf*^ 
erly adju-ted. would nee^l vry little rhange. To get the^^ rv^olL* Ua 
ni^r*- iiiatti^r of detail ea*-ily arranged. If the temperature- of thiF^ •:i\ 
ri-^-. it fe*^i* more frw-jy and a readjustment i-* nece««rT. and ifae 
-an.*- '■ondition'* hold with regard to the pre.>>u re- 
It -»:!! ^x- noticeil that in addition to the independent oil andairsizp- 
ply vjilv*- th<- burners are fitted with an air plug cock and an oil ptng* 
'yx k 'oiiu*^-Xt^\ to one lever, which then t-ontrol- l^ioth air and oil ^4ip- 
ply. *-riaMing the ofK?rator to shut them lioth off at oni-e in eniergen*-r. 
At :5r-t. when -team went up t^xj high and a burner wa* >hut dovn 
t:.;- \*'\'*'T wa.- u-**^l: but ^hutting off the air tha* gave the air com- 
^jT^^'UfT ]<— . work, and a"* it* governor \> not -"en-itive the air prest^ure 
if.' r*-3iw-^j. making a reailju>tment of all oil and air supply valve» ncce>- 
••^ry, with <on-rf-«|iiefit -mok«*. I^ter on. when it wa*de*iraMe to shut 
'iovif; a 'lurn'-r the oil alone wa> >hut off by the independent feed 
-.a!-. «- *,u rh'- biirn»'r. and the untouched air valv»- kept the air fomprps^ 
w^r'- -iftork mon- n<*arly con'-tant: then when the liumer wa> again 
7'-'y-!r<-d Th<- oil valve wa- oj>#*iied and immediately lighted fn>m the 
fjt::i*- '*f Tfj<- adjacf-nt burner. 

I:. -T;irrin;r fin-- with everything roM. >team is ndsed on the anx- 

'iz'ij^ry 'ff/iWr, which burn«ii coal, and the air compressor, oil pompi^ and 

o!. :,*<iU'r an- -farted. The oil i- lighted liy inserting oil-soaked rags 

f. t'." air -jja**' -iirrounding the burner and touching a lamp to them. 

'.' n'. >irmii'j[fui*'ux like a gsi- lighter may ^le used. 

"^/'.•.'■♦iifi"- when the air pressure i^ too high, or insafirient oil i» 
*'^': ra. ^^'• flam*- flicker- and may go rmt. If the oil is kept feeding 
.;.;«.' V'.'-rf- condition-, on relighting there is a small explosion of the 
'jTis-^ ' '.'. xui- frjrnace, with a inr»mentarA- back draft throi^rfi the peep- 

'•Vr,«- -fj.jr down Julv li«. for two and one-half hours, plugging coo- 
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denser tubes, one burner at each end of each boiler (4 burners in all), 
furnished steam to run all auxiliaries, including feed pump, bilge 
pump, air compressor, ice machine, dynamo, and flushing pump, all of 
which were exhausting into the atmosphere. 

During the four days in port at Tahiti the forward main single-end 
3-furnace boiler was used, atomizing with steam. Generally two 
burners in the middle furnace gav^e ample steam to run the following 
auxiliaries, all exhausting into the atmosphere, with boiler fed from 
fresh water on the dock: Ice machine, dynamo, flushing pump, feed 
injector, 2 cargo winches, and small portable steam pump. 

In the Grundell-Tucker burner (see fig. 35) the oil, heated by a 
steam coil under boiler pressure throttled down, passes through the 
inside pipe and is thrown out radially through the series of small holes. 
The air, first heated by compression up to 20 pounds, is further heated 
to a temperature of about 350^ F. in the air chamber surrounding the 
burner, and called the ''air superheater." Air can be used at the tem- 
perature at which it leaves the compressor, and was so used on the 
trip down until July 17, when the superheaters were connected up. 
This air under the pressure of about 20 pounds surrounds the oil pipe 
in the burner and passes axially along the pipe until near the end, 
where it is given a whirling motion through small helical passages 
arranged like the rifling of a gun. It crosses axially and whirling 
through the fine oil streams spurting radially from the end of the 
burner, breaking up the oil into fine spray, the drops of which can be 
seen before they ignite. A further air supply (cold) is admitted 
through the hinged door of the ash pan, and is directed up across the 
path of the flame and heated also by a curved fire-brick wall built in 
the ash pan close to the front. 

This ash-pan door is not moved much, but the regulation of the air 
supply is by the valve control of the air and oil in the burner. The 
flame should be a steady, full, white or yellowish white one, filling the 
furnace. 

The prinidpal difficulties encountered were in the regulation of the 
supply of oil to the heaters by the pump and the consequent variation 
of the temperature of the heated oil and the freedom of flow through 
the burners. An automatic submerged float, armnged like a steam 
trap and fitted in the oil heater to control the throttle of the pump, 
failed to give good automatic results, and the supply of oil was regu- 
lated by hand. If the oil is heated too nuich (above 150° F.), some of 
the volatile gases arc given off and mingle with the air pressing on top 
of the oil in the heater, thence passing with the air into the air super- 
heaters and burners, the result being that on one occasion a heater got 
red hot from this cause. 

Another difficulty was due to the choking of the stminers by foreign 
matter and impurities in the oil, shutting off the supply of oil, and on 
one occasion (August 10) putting out all the fires. Just previous to 

32196—04 19 
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the firoH going out, and while the usual air supply was on, and an 
inHufficicnt amount of oil being fed, a dense white smoke, like steam, 
arow^ from the funnel. 

This strainer difficulty will l)e solved by fitting the strainers in pairs, 
so that a clean one (*an always be switched in while the choked one is 
l>eing cleaned. 

(lenerally the revolutions of the engines did not vary much during 
the day, and in calculating the horsepower for each day's average 
revolutions, when the cards for that day differed much, that set was 
select<Kl whose revolutions were near the average for the day with the 
indicated horsepower, assumed to vary as the cube of the revolutions. 
If the two sets of cards for the dav had the same number of revolu- 
tions, th(Mr average indicated horsepower was used as a basis to com- 
pute* th(» day's horsepower as before. 

It will be noted that the log accompanying this report is kept from 
noon to noon. This was done as the patent log was inaccurate, and 
the s|khh1 of the ship was got from noon positions as given by sights. 

It will be not(*d that speed was much higher on the return trip than 
on the outgoing, wliich is ascribed partly to the better combustion as 
the firemen became more exix>ri(»nced, partly to the overhauling of the 
bearings at Tahiti by the force on board, and mostly to the increased 
oil consumption allowed after the run down had proved that there was 
plenty of oil for the return trip, which was a matter of some doubt 
In^fore, the ship being provided with coal for twenty-four hours to 
cover |K)ssibIe emergency. 

Full power was not developed in the two boilers used, as schedule 
time was easily exceeded with from 2 to 4 burners shut off, though it 
would not apixnir, from the tabulated results, that the indicated horse- 
power would eijual what can be got by a good system of forced draft. 
This burner, however, works well with the Howden system of forced 
draft, as seen on the tank steamer (reorge Zo(mu\ plying on a Pacific 
coastwise route, from southern California to San Francisco. 

It must 1h' remembered that the tabulated calculations are all based 
on the indicated horsejwwer of the main engines only, as it was con- 
sidertnl In^tter to use onlv data actuallv obtained, and afterwards esti- 
matcnl data, such as indicated horsepower of auxiliaries, could be 
applied without vitiating the observed data and results. No cmrds 
could Ih^ taken from any of the auxiliaries, but careful estimates give 
the following results: 

I. H.P. 

Air iN>inpn»S!H>r. at t*l) ri'volutions |>er minute 110 

Auxiliary ftH^l pump ami two oil puni]^, one in intennittent ui^e SO 

l\vnami^ SO 

Itv maohiuo 7 

firtMilatin^pump 6 

Flushing; pump 2 

Kiths, sti'Hm taMt^, t»va[H->rator. i\^>kin|r, oto 11 

Total 195 
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The steering engine is not used except near port. 

The size of air compressor was based on the assumption that it 
requires 1 cubic foot of free air for every pound of water evaporated 
from and at 212^ F., as shown by tests of various oil burners at West- 
ern Sugar Refinery, San Francisco. 

The weights of oil auxiliaries are as follows: 

Tons. 

Air compressor 9 

Two settling tanks 12 

Two oil heaters 2 

Two oil pumps (small) 5 

One oil pump ( large) 1. 25 

Fifteen superheaters (air), front 3. 1 

All pipe, valves, fittings, ventilators, etc 8 

It should be remembered that the lx)ilers were designed for coal 
burning; that the oil-burning plant was fitted in a hurry, the machin- 
ists not leaving the ship until the gong rang for people to go ashore; 
that the firemen were without experience in oil burning, and that most 
of the automatic gear did not function properly. 

With the air pressure constant, with the oil heated at constant tem- 
perature near 140^ F., with oil strainers arranged in pairs, so that one 
is always efficient, and with experience in firing, the results in econ- 
omy of oil should be much better on the next trip; and the fireman's 
work, already very easy, will approach supervising automatic regula- 
tion. The fireman for oil does not need strength nor previous training 
with coal. He should have a good e3'e, good ear, some common sense, 
and a desire to learn a new and easy trade. 

In conclusion, it is desired to state that every facility for investiga- 
tion was given by all the oflScers of the company, the chief engineer 
of the ship being particularly zealous in arranging for the taking of 
required data. 

Very respectfully, 

Ward Winghell, 
Lieuteruint^ United States Navy. 

To the Chief of Bureau of Steam Engineering, 

Navy Dejmrtment,^ Washington^ D. C. 
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The following summary of the second voyage of the steamship 
MarijHtHH on the round trip lietween San Francisco and Tahiti, as 
compared with the first trip, shows that the oil consumption on the 
second voyage was considerably less than that on the first, due to two 
causes: Improvements in detail of the oil-fuel installation and increased 
skill and intelligence upon the part of the engine-room force. 

(frennir Sfrainnhip Maripom^ voyage No. J^ from San FrancMco U> Tahiti, J90£. 



Date. 



KnotM Knots 



per 
day. 



per 
hour. 



Revo- 
lutions 
per 
min- 
ute. 



Oil 

used 

per 

day, in 

ban els. 



AuRiwt— 

21 32S 13. 3 

22 2*)7 12. 3 

2:^ 282 13.3 

24 330 13. 6 

26 310 12. 8 

26 ' 311 12.8 

27 292 12. 1 

28 1 305 12. 6 

29 :»5 12. 6 

:» I 322 13.3 

31 ' :t26 13. 5 

Averajfe, 1 1 days. . . 309. 9 12. 96 

Voyaue 1,11 day» . . ' 312. 7 13. 12 



Oil 

used 

per 

day, In 

tons of 

2,240 

pounds 



Oil 

used 

per 

hour, 

in 

pounds 



I Pounds vw*^^ 
of oil • ^^ 



Dis- 
tance 



per 
knot 
run. 



Slip of 

i o''<5r or- cTnV 
knota. 




13.4 
9 

8.8 

R.8 

S.5 

13.8 

10.3 

10.5 

9.5 

9.4 



9.9 
13.14 



Average temi>erature of uptake, 548^; average temperature of superheaters, 96I0P; ayerage tempera- 
ture of cold oil, 91°. 

(hfanir Stfanuthip Iifarii)om, voyage Xo. :^y from Tahiti to San Francisco, 190i, 



Date. 


Knots 
wr 
day. 


KnotM 

per 
hour. 


Revo- 
lution.s 
per 
min- 
ute. 


Oil 

used 

I)er 

day, in 

barrels. 


Oil 

used , 

per 

day, in 

tons of 

2,240 

pounds 


Oil 

u.Med 

per 
hour. 

In 
pounds 


Pounds 

of oil 

per 

knot 

run. 


Knots 

made 

per ton 

of oil. 


Dis- 
tance 
ninper 
banvl 
of oil. 

in 
knots. 


SUpof 

pro- 
peller, 
per 
cent. 


September— 








6 


292 


12. 2 


62. 1 


215 


30.71 


2,867 


235.6 


9.51 


1.86 


12.6 




t»l 
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12. fi 
12.1 


62.6 
62. 9 


220 
220 


31.43 • 
31.43 


2.933 
2.933 


233,8 
244.4 


9.57 
9.16 


1.87 
1.31 


11.2 


8 


15w5 


9 


298 


12. 5 


63.1 


220 


31.43 


2,9(33 


236.2 


9.48 


1.85 


12L6 


10 


27<i 


12. 2 


61.7 


220 


31.43 


2,9:0 


25&.1 


8.46 


1.25 


IS. 4 


II 


327 


13.7 


66.9 


245 


35 


8,267 


240 


9.34 


1.88 


9.4 


12 


3(13 


12. 7 


67. 1 


•250 


35.71 


3,333 


264 


8.48 


1.21 


1C.5 


13 


317 


13.2 


67. 3 


265 


37.44 


3. 583 


267.5 


8.58 


1.29 


IS 


U 


307 


13.2 


67.4 


260 


37.45 


3,466 


271 


8.39 


1.18 


IS 


15 


324 


13.8 


(^ 


265 


37.94 


3.533 


•261.7 


8.M 


1.22 


n 


l<» 


321 


13.5 


IJ9.2 


270 


38.57 


3.000 


269.1 


8.32 


1.19 


IS.9 


Average. 11 t!ay.'<... 


am. 9 


12.7 


6.\7 


241 


34.16 


3,212 


252.6 


8.87 


1.27 


is.m 


Voyagi' 1. 10i!ay«... 


:ai.9 


13. 9«'. 


70.6 


295.5 


42.22 


3,981.6 


2M.79 


7.841 


1.121 


12.9 



Average* temin'raturt* of uptake. rvW"^: average temperature of superheaters. SttP; 
tur\» of ci^ld oil. 9iK. 
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The Bureau has received from President John D. Spreckles. of the 
Oceanic Steamship Company, the general results secured on the seven- 
teenth voyage of the steamship Mariposa. It will be observed that 
comparing this data with that of the first and second voyages a slight 
increase in efficiency has been secured. A study of the comparative 
results of the first, second, and seventeenth voyages will show that 
even on the first voyage an oil-fuel installation on marine vessels can 
be operated with a fair degree of success with a comparatively inex- 
perienced crew. 



ComparalU'e 
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c« Oceanic 
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Seplcmber, 1902. . . 
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3M.9 


12.7 




211 


M.« S,212 252,« 


8.RT 


1.27 


13,01 


MB 3M 


MBITh.lSOl 




SOS-4 


"■• 


61.9 


wi 


ll.B?, 2.918.5 'ms 


9.. 


1.396 


9.1 





There has also been received from the administrative officials of 
the Oceanic Steamship Company the abstract of the steam log of 
twenty-three voyages of the steamship Alameda, a sister ship of the 
Mariposa. During eight of these voyages coal was used as a fuel. On 
seven of the trips the machinery was only in fair adjustment, and an 
inexperienced crew operated the oil-fuel plant. During eight other 
voyages with an oil fuel installation the machinery was in an excellent 
state of adjustment and operated by an efficient crew. A careful study 
of the data of this steamship will give some of the moat reliable infor- 
mation as to the relative efficiency and economy of a coal and oil fuel 
plant uii a merchant vessel. 
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Ahlraet of log of ttfnmthip Alameda, plying bttween San Prandtco, Col., and Honolvhi, 
Hawaii, tlioiriiig romparative performance betireen coat and oil 
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Abtlraet of log of tUanithip Alnmeda, pti/ing between San Francitm, Qd., and Honohiiu, 
Ilatnaii, nkoiring romparnlice performance betll^een roal and oil — Continued- 
OIL FUKL IMAOKINERY WKLL ADJUSTED, Bt'RNERS EPPICIBNTLV OPERATED). 
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During tho« eight voyages the macbliitfry departmenl 
wu In auch a atate of cmcienry that the l>Mt poaiJble 
results might to have been «Kur«l. The crew had alao 
become experienced in Ihe operation of an oil-fuel plant. 
The rtmiltg ol theae royuges may be i-ompofcd with (he 
pcrlonnancea ol Ihe MaripoM. bearing In mind that the 
Alameda runs un a (a«Ier whedule Ihan her eliter ehlp, 
Ihe Msrlposo- 

Wtica burning a ollghtly refliird CallfaniU oil product 
with an experienced ettw In the flreroum, and wUh 

Hteamlns piirpoMn during theoe eight round irlpi n,IK3 
barrel. o( oil. The dlMance nude by ihe veael on Ihot* 
voyagea wai aa* knola. There wa». Iherelore, required 
300 puUDdt of Ull fuel to drive the Dliip a dliiancc ol 

It will likewise be noted IhiLi .,„t i.nly wa> a more unl 
lorm ptesaure carried In Ihe boilera wllh oil at a IueI, 
but IhHt the avemge time requlml to make Ihe voyage 
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THE OIL-I-X'EL INSTALLATION OF THE STEAMSHIPS NEVADAN AND 

NEBRASKAN. 

The attention of the l>oard had been specifically directed to the oil- 
fuel installation of the stearaerH Nevadan and N^ankun of the Amer- 
ican-Hawaiian Steamship Com pan}'. As the steamship Xebraskan of 
this line had made the vo\'age from New York to San Diego, Cali- 
fornia, with coal as a fuel, and had made the I'eturn trip from San 
Die^o to New York with an oil-fuel installation, the board regarded 
it as of importance to inspect the installation of the vessel as early as 
possilile after her arrival in New York. 

Through the courtes}- of Capt. W. D. Burnham, the manager of the 
line, the lx)ard made a personal examination of the installation of this 
vessel just after the arrival of the ship in port from San Diego, the 
vessel having made only one stop for a few hours at Sandy Point, 
Straits of Magellan, on the voyage from the Pacific coast. 

The jXrhrud-fin left New York August 7, 1902, touching at the ports 
of St. Lucia, British West Indies, and Coronel, Chile, for coal. She 
reached San Diego in fifty-seven days, five hours, and forty-three 
minutes. On that vovage 2,207 tons of coal of poor quality were 
used, and a iireroom crew of fifteen men was found necessary. The 
ship was kept at full speed during the entire voyage. 

On the voyage from San Diego to New York, with a greater cargo 
in her hold, the v(\yage was completed in fifty-two days, seven hours, 
and twentv-six minutes. There were consumed in the furnaces on 
this voyag«* S^H2i\ })arrels, or 1,260 tons, of California fuel oil. Only 
six men won* re<|uired in the fireroom. Their wages approximated $50 
per month each. 

On the outward passage from New York to San Diego the ship 
steamed 18,280 miles, while on the homeward passage between San 
Diego and New York the ship steamed 12,760 miles, the increased 
distan(*e on the outward passage being due to the fact that the ship 
called at }K)th St. Lucia and Coronel for coal. 

Four hundroil and fifty -seven tons of measured space for cargo was 
saveil })v reason of the oil fuel l>eing of less bulk. The resulting 
financial gain to the I'ompany from all causes was at the rate of $500 
lK»r day. While five days were saved on the eastward journey, it 
must 1h» roinemlHMTd that that voyage was 520 miles shorter. 

The insurance risks, lH>th on the vessel and on the cargo, were 
not increased with the installation of liquid-fuel appliances. The 
underwriters made careful examination of the arrangements for stor- 
ing the oil fuel, as well as the general character of the oil-buniiii|r 
installation, and after special investigation regarded the equipment 
as one not constituting an element of danger sufficient to demand 
higher insunince rates. 
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In order to detect and collect any leakage of oil a cofferdam had 
been constructed both forward and aft of the principal fuel-oil bunker. 
At the end of the journey no leakage of oil had been observed. The 
oil used was from the California wells, a product which had undergone 
a light distillation, thus making it less explosive and less harmful to 
boiler and bunker plates. 

In past years it had been observed that very injurious effects were 
produced upon the ends of boiler tubes and on the seams of plates 
with the use of crude petroleum as fuel. The experience of the 
superintending engineer of this line, Mr. Lassoe, is that when oil is 
slightly refined its use is less harmful than in the case of coal to all 
parts of the boiler, providing the liquid fuel is burned in a proper 
manner. 

When firing boilers with coal as a fuel the firemen have necessarily 
to keep the furnace doors open a considerable time in order to secure 
eflBcient results. When the doors are opened for working a coal fire 
the cold air rushes in, and it is a fair estimate that the heat of the 
furnace during this time drops as much as several hundred degrees. 
With such extreme and rapid changes of temperature there must be a 
tendency of plates and even of tubes to contract, and attendant injury 
to the boiler often ensues. With the use of oil as a fuel it was found 
that the furnace doors did not need to be opened during the entire 
journey, and a more constant heat was thus obtained throughout the 
boiler. The full eflSciency of the boiler is therefore more likely to be 
secured with the use of oil than with the use of coal as a fuel, and this 
has been evidenced in the steamers of this line by the more uniform 
pressures noted on the steam gauges. 

The comparative results secured with coal and oil as a fuel by the 
Nebi'oskan when making long voyages are strikingly shown in the 
accompanying table. When making the first voyage to the Pacific 
coast, coal was used in the furnaces. On the return trip from the 
Pacific an oil-fuel installation was in operation. It will be noticed that 
the displacement of the vessel on these three long voyages was about 
the same, consequently the relative evaporative eflSciency of the two 
kinds of oil, as well as of coal with oil, can be clearly established. 
While the coal used on the westward voyage was of an inferior grade, 
the hull of the ship was in much fouler condition on the voyage east- 
ward, and these are factors that must be considered in determining 
comparative results. 

Special attention is directed to the comparative data secured on the 
voyage from San Diego to New York, where California oil was used 
as a fuel, with the voyage between New York and San Fmncisco, 
where the Texas product was used as a combustible. 

During the passage from New York to San Francisco, however, 
where the Texas product was used as a fuel, the vessel encountered 
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very severe weather in the South Atlantic. Before entering the 
Straits of Magellan on this voyage the ship was almost hove to for 
two or three davs. 

The Howden draft system proved a decided advantage in the 
burning of the Texas as well as the California product. With this 
arrangement of utilizing the heat of the waste gases^ no cold air is 
admitted to the furnace, thereby minimizing the fluctuation of tem- 
peratures in the boilers. On several occasions the temperature of the 
escaping gases at the base of the stack was as low as 375^ F., which 
indicates that complete combustion took place in the proper plac^es. 

While the genenil information received from the officials of the 
American-Hawaiian Steamship Company concerning the performance 
of the Xehraskon is of exceeding value, it is essential for military -naval 
purposes that more data in regard to details of installation and opera- 
tion of the machinerv of these ships })e supplied the Navy Department. 
The board therefore suggests that a commissioned officer be detailed 
to make the voyage between the Atlantic and Pacific coasts on one of 
these steamers. There is no doubt })ut that an observing officer would 
succeed in collecting information concerning the burning of fuel oil 
that would be of the utmost value to a more thorough and complete 
knowledge of the fuel question. The time may be nearer than now 
realized when the Nav}' Department may be called upon to suddenly 
equip auxiliary war vessels, if not fighting ships, with oil-burning 
devices. There would be a saving of both time and expense in effect- 
ing such installation b}' continuing the investigation of the fuel-oil 
problem along every line where new data might be procured. 
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There are also shown the logs of two intermediate voyages of this 
vessel, one from San Francisco to Seattle and one from San Franciiico 
to Ilonoluhi. The performance of the ship when making those inter- 
mediate trips is introduced in order to estjibiish the fact that practically 
uniform results are secured in marine installations when using oil a^ a 
fuel. 

The log of the XciuuliUK when studied in connection with her sist4?r 
ship the XSraHhni^^s'xW show that similar and equal results have l>oen 
obtained on the two vessels. The Xeradan has now traveltnl 7<»,<XK) 
miles with oil-burning appliances, and practically no repairs have been 
made to her boilers since the oil-fuel installation was introduced. 

Th(» percentage of slip of the screws on the outward voyage from 
New York to San Diego was ll.J>, while the slip on the voyage from 
San Diego to New York averaged l().r>t). This difference is explained 
by th(» fact that the steamer leaving New York on the outward pas.sugc 
had been in dry dock and had been painted immediately before sail- 
ing, while the ship had been four and one-half months in the water 
when sailing from San Diego, the great<»r part of that time liaving 
been sfXMit in San Fnuuisco Bay, fitting out for stowage of oil fuel in 
double-bottom tanks; also from the fact that the vessel experienced 
considenibly more adverse currents on the homeward passage than 
the outward from New York. The weather conditions mav also have 
had something to do with the question of the slip of the propellers. 
Considering the great length of the two voyages, and the extended 
period during which both fuels were continuously used, the compara- 
tive information o})tained ought to be regarded as exceedingly relia- 
ble and valuable. 

On the voyage of the XJ}raf<hui to New York the ship had but little 
reserve of fresh water, since it was found difficult to obtain the 
required amount at San Diego. The vessel, therefore, on the voyage 
from the Pacific coast had to use her evaporator for forty-five days, 
while on the voyage from the Atlantic coast, with only a poor quality 
of coal in her bunkers, she left New York with a reserve of fresh 
water amounting to about 150 tons. 

It was found that in addition to the cost in fuel of effecting sufficient 
evaponition to make up for the loss of fresh water, there was also a 
loss in steaming efficiency due to the priming of the e^'aporators. The 
scant ciHuplement detailed for tirerooms made it almost impossible to 
keep close watch on the evapomtors, and therefore at times, in rou|2rh 
weather, salt water was carried over from the evaporators. If it had 
not Iwen that the ship had a reserve of fresh water in the compart- 
ments beneath the fire and engine rooms when starting from New 
York, the vessel would have used 50 tons more coal on her outward 
voyage to San Francisco. 

The following list of auxiliari(»s gives the diameter, stroke, and 
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number of cylinders, and the indicated horsepower for each, roughly 
estimated, and to which might be added that, as the auxiliaries use a 
great amount of steam, the indicated horsepower of these has l>een 
put at double the amount — 210 — so as to have only one average of indi- 
cated horsepower per hour for both main or auxiliary engines in the 
log summaries. 

The miles per barrel of oil depend, of course, upon the displacement 
or weight propelled. 



ClaHsitioation. 



Size of oylitiders. 



Cyliinlcrs. 



Inchrtt. 



Indicated 
horse- 
power. 



7 by 7 . 
^ by 5 
9 l)v 8 . 



Steering engine 

Dynamo engine 

Refrigerating engine 

Circulating engine 6 by 6 

i 
Blowing engine 9 by 12 

Fan engine 5 by 4 

Feed pumps 8 by 5 l)y 10 

Ballast pumps, pumping oil from double 

lx)ttom , 

Brine pumps j 6 by 5} by (3 

Oil pumps, for burners 5J by 3i by (> 

Evaporator pump 8 by 8 

Total indicated borsepower 



7 l)y lOi by 10 



2 

1 
2 

2 
2 

4 
4 

2 

9 



3 
8 
9 
16 
26 
16 
16 

5 
3 
2 
1 



ia5 



As these auxiliaries use fully 30 pounds of steam per indicated 
horsepower, or more than double that of main engines, they have been 
estimated at 210, so as to hav'e but one average of oil per indicjited 
horsepower in summary of log. 

A statement of the comparative engine-room complement when 
using coal and oil, is interesting as showing the considerably reduced 
force required for oil burning. It will be strikingly suggestive, how- 
ever, that rather higher technical ability is required for the oil-fuel 
conditions. As tersely expressed by the managing director of the 
line, ''With an oil-fuel installation there is required ti*ained furnace 
men rather than old-time stokers, while the coal passer has disap- 
peared altogether.'' 

The engine-room complement of the steamship JVebrnskan when 
using oil consisted of 1 chief engineer, 3 assistant engineers, 6 oilers, 
3 furnace men, 3 wipers to assist furnace men, 1 deck engineer. 

The regular watch when the ship was underway" consisted of 1 engi- 
neer, 2 oilers, 1 furnace nian, 1 wiper. 
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Wlu'ii usiiii( colli OH the voyaj^i* from Now York there were tivo men 
OH ti watcli ill the lire room iiisteiid of two, us in the ciise with oil fuel. 

AVhih' it is possible to do without tlie '"'wipers" in the lirenKini, it 
Ims Im'oii eoiisi(l(MV(l stitVr to ejurv these extni men in the lioiler room. 
There was always a probability of one of the three furnace iikmi 
l>e<*omin*,'' incapaeitat^Ml. and tlierefon* the work would have l)een too 
onerous if tin* furnace men had ever been com {Killed to stand watoli 
and watch. The •• wip(»r" rendered ellicient service in helping to look 
out for thi» compressors and various immps, and us it requires some 
l)ractice to elUciently operate the l)urners, the ])est interests of the 
comi)anv w(»re subserved bv haviiiiif such a rate included in tlie rom- 
plement of the lireroom fon-e. As the pay of the '^wiiKM*'' is al>out 
(lou})le that of a coal passei*, the actual ^ain as regards the pay of the 
tireroom forc(» when usin*^ oil and <*oal is more apparent than real. 

As to tin* hull of the ship, it was observed that the slightly n»tiiied 
oil was rather a preservative of the steel, since the oil contained 
a small (piantity of as])haltum. As sulphur and other corroding* 
agents are simietimes contained in the coal, the oil is not at a dis- 
advantage as respects corrosion of the hull plate. 

In tli(» oil-fuel installation of the X^hraxkatt the oil is pumped to a 
heating tank and brought to a temperature of 175- F. It is then forced 
at a pressure of ir> pounds to the atomizer, where it mixes with 
heated air, su])plied at a pressure of 1\ pounds. An exceedingly tine 
spray results, and in that manner it is })urned. 

Kvery i)«)rtion of the machinery operating the oil-burning installa- 
tion is in duplicate. An irreparable })reakdown is therefore almo.st 
imi)ossible. On the return voyag(» to San Francisco the fuel supplied 
was from the Texas oil fields, and therefore the relative value of that 
oil can be compared a«* to tli(»rmal value and ease of o|)t^ration with the 
C alifornia pnxiuct. 

An examination of the profile of the ship (iig. 3S) will show that in 
vessel>of >uch length there are but slight, if any, structural disadvan- 
tage."^ to i>e encountered as regjinls stowing oil fuel as comtmred with 
i\w ditliculties io ho encountered in the case of armored cruist^rs and 
battle >bip>. In tlu* case t)f naval construction the ship is of compara- 
tively >hort length, and the construction of a bunker extending the 
full width of the ship and extending to the main de<*k would l>e a 
pra(-ti<*al impossibility by rea^m of the installation of the protective 
deck a^ well as }>y the interference* of various gun mountings and 
annnunition hoists. 

The >p«'cial form of burner used on the yt-fpniMkan was of the 
L#a*i>oe Love kin tvpe. Although this burner was not officiallv tested 
at thi* exp«*rimcntal ])lant, the board witnessed its o{)e ration, when used 
for auxiliary purpo>es, on this vessel. 

This burner is a deveh)pment of that shown in fig. 56, the latter 
burner having been used by the Standard Oil Company over twelve 
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years ^^, the essential and distinctive feature of cunst ruction bein^ 
the plug with i-adtal holes tittod at the disfharpe end. It has l>epn the 
improvement in the details of the installation of oil-fuel appliances 
rather than the discovery of any new principles that has cansed in 
great part the satisfactory solution of the engineering or mechanical 
feature of the oil-fuel problem. 

The general characteristics and construction of the Imrncr are 
shown in the accompanying sketch (tig. 37). The marked feature of 
the appliance is the litting of a ping at the discharge end of the 
burner, whereby the air is introduced into the furnace through a series 
of spiral holes rather than through a central orifice. The drilling of the 
Dumerous spiral holes in these plugs influences the length and char- 
acter of the flame, and from the actual operation of the burners it can 
not be doubted that combustion is thereby effected near the front of 
the furnace rather than amid the tulles or within the smokestack. 
A range of experimentation on the details of this typo of burner has 
already been indicated in Hgs. '2ii to Hi. 

The distinguishing features of the fjenera! oil installation of the 
Ifebrtvihin are as follows: 

(«) Although the burner is so designed that either steam or air can 
be used as a spraying medium, air delivered under low pressure is 
preferred. 

(b) The air necessary for supiwrting comlnistion is hejited by means 
of the Howden system. A portion of this heated air is used for 
spraying purposes. 

(f) The oil is heated so as to make it How more readily through the 
pipe, and this heating of tin- fuel is cffeited by a sleam coil fitted 
around the suction piyx" of the oil pump. 

{(l) Special means have been provided to prevent any water that 
may enter the oil tanks from being punij)ed to the burners, a float 
arrangement having lieen installed whereby oil alone is pumjvd from 
the tanks. 

(f) The brickwork installinl in the furnace is of exceedingly simple 
character, the front ewl of the furnace being lined for about •> feet, 
and u simple vertical lining against the Itack combustion wall being 
all the brickwork rpf|uired. 

(y) The main supjily of fuel is carried in a bunker or expansion 
tank extending the full width of the ship, and for a distance of alnnit 
30 feet fore and aft carried from the bilge to the upi>er deck. There 
is a cofferdam )K>th forward and aft of thi-^ oil Inuiker, and thus any 
leak^e of oil can l>c quickly noted. 

(g) There is a reserve of every importiint auxiliary, so that in case 
the imi»irment of one appliance wcurs the reserve auxiliary c-an tx! 
immediately put in operation. 

fail was first used in the Scotch boilers of the XthniKknu it 
it the smokestack temperatures reached as high as 1,WM i - F. 
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Retarders were then placed in the 3-inch tiidcs. The retarders qow 
used hiivc II convolution for each foot in len0h. The experience of 
this ship shows the exceed in }jly high velocity of the gases after com- 
plete coDilHistion of oil fuel has been effected, and the imjterative 
necessity of checking the flow of gases in all forms of boilers either 
by retarders or litifflers. 

The whole design of the installation is of a character that represents 
excellent workmanship and generous attention to details. The beating 
of the air requisite fur combustion, by the waste gases, undoubtedly 
inci'easf^'s the economical ofliciencj'. There is a clear and distinct 
recognition of the fact that crude oil is a very dangerous fuel where 
there is careless or inefficient installation, and that the dangers of sucb 
an installutioii can he reduced to a minimum where the plant has been 
designed l)y experienced and conscientious experts, and operated by 
intelligent and observing engineei-s. The importance Of guarding 
against any mixture of oil and water is shown by the precautions that 
have boon taken to prevent any leakage in all steam and oil joints. 

The general features of construction and arrangement of double- 
Imttnm tiinkM for the carrying of oil and water are as shown in fig. 38. 

Tin- geneiiil dimensions of the Ncln-askan and its details are as 
follows: 

Oipni-Uii iif holds. 

U11JK.T "twwn lUi-kf: CuUc leM. 

KorwiirO 38,570 

Aft 33,510 

'Twcfii <ifc-kH: 

.Nil, 1 15,335 

N... -1 14,515 

X.I. :t 13,180 



N<i. 1 29,890 

X<i. 2 40, WO 

N... :! 22,556 

X... 4 18,070 

Refrtj.Tmt.ir9 23,489 

Magazine 3, 985 

T..ral 278,216 

General dimeiitma, 

UiiKtti seOfeet 

BfaNUm"l'U-.l) 46 leet. 

Di'l-tli S4ieet. 

Dnift 23 feet. 

T«-ci injri iicj' Twin wenm. 

I.H. r S.00O 

Diameler ii(i'vlimlcr)' 19 inchee, 31 inchee, 54 Jnclw. 

Str<ikc 48iiMatea. 

Two iM'iliT)' 12 fet't 3 inchee by 16 feet 3 inchea dknMtor. 
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Bunkers. ^'"oh/'*''* 



Main bunker 24,460 

Hatch trunk 620 

Wing bunkers 

Trunk and saddle back 



Total 25,080 



Tons coal. 

525 
14 

432 
18 



989 



Oil in gallons 1 87, 598 

Oil in tons 641 

Dmihle-boUom capacUy. 

Inner bottom: Tons. 

No. 1 96 

No. 2 196 

No. 3 62 

No. 4 48 

No. 5 41 

No. 6 86 

No. 7 89 

No. 8 35 

Forepeak 139 

After peak 84 

Deep tanks (105-119) 178 

Deep tanks (138-157 ) 148 



Total 1 , 202 

From the arrangement of the ship, as indicated in the longitudinal 
profile, it will be observed that the oil is stored in six separate com- 
partments of the double bottom, and in the after peak and forward 
peak tanks, and in a large amidship-athwartship bunker. Under the 
engine and boiler compartment no oil is carried, but these compart- 
ments are reserved for the necessary supply of fresh water. Addi- 
tional fresh-water tanks are installed just aft the engine room in side 
tanks located at the side of and above the refrigerator plant. There 
are also additional water tanks arranged in No. 4 hold between and 
at the sides of the shaft alley. These water tanks are suflBcient to 
supply all the usual needs for fresh water. Any increase in the 
demand for fresh water can be made up by the evaporators. 

The oil compartments in the double bottom are not directly contig- 
uous to each other at the bulkhead subdivisions, and the necessary 
effect of a dividing cofferdam is obtained by the construction of the 
athwartship bilge well. Here any collection of gas or oil leaking 
from the tanks can be detected, thus affording an additional element 
of security. The large amidship oil bunker rises up to the upper • tween 
decks, and is flanked on forward and after ends by cofferdams of one 
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dampers. The lire brick is laid up in alternate courses of headers 
and stretchers, although in front a single course of stretchers may be 
used, except in the center wall, which braces the arch to the tul^e 
sheet. At the back end of the box a tie wall is built in, resting on 
angle irons, to stay the side walls. The damper is arranged so that it 
may be entirely closed for holding the steam pressure with a light 
fire. 

The burner is of ingenious construction, consisting of a double 
burner — a narrow one on top and a wide one below Both are flat, or 
slot, burners, with the steam orifice arranged behind that for the oil, 
so as to blow steam through the stream of oil. A burner of this type, 
with properly proportioned steam slot and opening for the atomized 
spray, like the one shown in fig. 41, attiiched to the locomotive, is 
capable of efficiently burning 150 gallons of oil per hour. A similar 
burner for locomotive work is shown in fig. 42, this burner being 
arranged for insertion in the fire door instead of at the mud ring. 
A large air opening is provided near the burner, to admit air for 
initial combustion, while the damper at the rear of the box furnishes 
what more is necessary. This burner has given satisfaction, liaving 
never become stopped uj). With the small burner it is possible to 
adjust the fire very low for the purpose of holding steam during long 
waits or delays, while with both })urners a capacity beyond any possible 
requirement is available. 

The arrangement of the steam and oil piping for the burner is very 
simple. Oil is fed directly from the tender tank to the })urners under 
5 to 10 pounds air pressure (from })rake reservoir), and the steam is 
likewise controlled by throttle valves, all of which valves have their 
handles located conveniently in the cab. The piping is, as shown, 
conveniently fitted with brass unions, to facilitate taking the burner 
dowm, and bends are used in place of fittings wherever possible. A 
steam connection is run to the tender, through a reducing valve, to 
supply the tank heater, and another steam connection is arranged out- 
side the cab to supply th(» steam oil pump at the storage station when 
filling the tender tank. 

In regard to the similarity of conditions and requirements of oil- 
fuel installations for locomotive and torpedo-boat work, the following 
advantages are practically obtainable in both cases: 

(a) Economy of space reserved for carrying fuel. 

{?}) Ease in filling tiinks. 

(c) Rapidity of time in meeting a varying load on boiler. 

{d) Ability to force boiler to extreme duty in case of emergency. 

(e) Absence of smoke under light normal working conditions. 

(y*) Short height of stack. 

(g) Superior personnel availablq^ for the operation of the })urners. 

(A) Ability to secure and maintain higher speed with oil fuel than 
with coal. 
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Tho arx-onipaiiyiii^ photograph (lij^. 4*3) showing one of the Boston 
and Main** cMi<^inrs "doulilo-hrading" just heforo entering the Hoosac 
tunnol, with oil and coal hurning locomotives, will tell of the ix>s.sibility 
of toqx^do ])oats at rcdiic(»(l speed burning oil without smoke issuing' 
from their stacks. It nnist he und(»rstood, however, that the smokeless 
burning of oil fuel in a torp<*do boat can at present be effected only when 
then* is a limited consumption of fuel. The efficiency of such boats, 
however, may be vastly increased wh(»n improved Imffling is secured, 
and it is hop(»d that the* smokel(»s8 burning of oil may be eventually 
obtained (»v<»n with a marked increase in fuel consumption. 

The board considers that the eradication or mitigation of the smoke 
nuisance in tor|M»do boats is intimately connected with the question of 
baffling, and the conmianders of the various tor|>edo boat flotillas 
could rench'r the Bureau an in(\stimable service by making experiments 
with various forms of baffling. In the small or l)ent-tube type of 
water-tul>(» boilers tiie most im|X)rtant problem now confronting 
experts is a syst(»mati(! arrang(»ment of baffling w^hereby combustion 
can 1m» etl'ectiMl within tlu» tubes instead of within the smokestack. A 
special design of baffling will iiave to be arranged for each distinct 
type of wat(M*-tube boil(»r. 

The appentled plu)tograi)h (tig. 44) of the l^. S. torpedo boat Gwin^ 
fitted with a " W. N. Best" design of installation, while undergoing 
some oil-fuel, dock trials at the Norfolk Navv-Yard, shows the sue- 
ct\ss attained in the smok<'less burning of li<iuid fuel. The evaporative 
capacity of tin* boilers ol)tained under these conditions was not great, 
but the board beli(»v«'s that with further investigation and experi- 
ment mon* satisfactory results as regards eva|K)rative output will be 
secured. 

The conipanitive study of oil-fuel installations for torpedo boats in 
connection with the developmcMit af locomotive oil burning is worthy 
of sp(»cial and further invest i^-ation by the I)(»partment, and the good of 
the serviee would l)e subserved l>v detailing some of the commanders of 
the torpedo boats to special tempoiiirv duty in observing and report- 
ing upon the work performed hy the oil-burning locomotives of the 
Atchison, Topeka and Santa Ke and Southern Pacitic Railroad systems. 




MECHANICS OF COMBUSTION AS SPECIAIiliY RICIiATING 

TO USING lilQUID FUEIi. 

While the theory of combustion is well understood by all having a 
knowledge of the elementary principles of chemistry, there are prac- 
tical considerations that enter into the matter of burning both oil and 
coal as a fuel, and therefore the economical consumption of fuel in 
large quantities can only be effected in boiler or furnace installations 
which have been designed by technically trained experts possessing a 
knowledge of w^hat well may be termed the practical mechanics of 
combustion. Considering also the widespread and special interest now 
taken in the oil-fuel problem and the fact that radicalh' different sys- 
tems of oil-fuel installations are being projected, it is deemed specially 
important to consider the question of how the combustion of oil may 
be best obtained. 

Hundreds of oil burners have been designed which, viewed from a 
chemical and theoretical standpoint, should have operated efficiently; 
and yet when such appliances were subjected to actual tests the 
devices proved unsatisfactory. There are, therefore, practical condi- 
tions as well as chemical principles that must be considered in the 
solution of the liquid-fuel problem, and the board thus regards the 
mechanical features of the oil-fuel combustion question as a subject 
deserving of special study and investigation. 

Everyone is aware of the fact that with a charcoal or coke fire it is 
possible to maintain very intense combustion within a comparatively 
small space and with very little smoke. This sort of tire was known 
to the smelters of the bronze age, and it is still used in blast-fur- 
nace and other operations where great concentration is required. 

The explanation lies in the fact that the fuel is solid, even at the 
highest temperature. The solid particles in the smoke are probably 
particles of ash, but whether they are ash or unconsumed carbon, they 
are exceedingly small, as shown by the bright blue color of the smoke. 
As a result of this soliditv no carbon can leave the bed of hot coals 
except as a constituent of CO or of COj. In either case the combustion 
will be free of soot or smoke, since both gases are colorless and trans- 
parent. If the carbon goes up the stack as a constituent of CO it 
carries with it two-thirds of the heat that it was primarily capable of 
3'ielding up, and it is only with respect to the possible formation of CO 
instead of CO^ that a charcoal fire fails to give perfect results. Were 
it not for this possibility there would be no reason why a charcoal fire 
should need more space than is sufficient to contain the fuel itself. 

313 
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Tho obvious way to prevent the fornijition of CO is to force a larger 
(iiiantit y of air throu^li the ])e(l of coals, ])at this alone Ls insufficient. 
KxiM^rience shows that even when the amount of oxygen passing 
throu^li the bed of eoals is twice that requisite for the complete com- 
bustion of the carbon, th(»re is still some of the carlK)n that leaves the 
furnace in a parti v burned condition. The onlv wav in which this car- 
bon can be completely burned is })y subsequent ditFusion of the gases 
wherebv each molecule of CO sooner or later meets with an atom of 
free oxy»^cn and so becimies COg. But this ditFusion requires time; 
and as the ^ases are bein<^ (!onstantly cooled as they are carried along* 
it may hapiwn that they will be cooled below the ignition temperature 
before union takes place. So that even in a charcoal fii'e the need for 
appreciable combustion space is obvious. 

Complete combustion recjuires that for ever}' atom of carbon and for 
everv two atoms of hvdrojifen there shall be at least one atom of oxv- 
gen brought in close proximity and then and there subjected to a 
tempeniture sufficient for ignition. In other words there must lie a 
thorough mixture and then ignition. It is doubtful if a mere mechan- 
ical mixture, however complete, could ever l>e perfect enough to 
bring about the desired result. This is well illustrated by contrasting 
the smoky coml)ustion of black gunpowder, where we have a mechan- 
ical mixture, with the combustion of the so-called smokeless powders* 
in which the mixture is so thorough and minute that similar pro- 
|)ortions of oxygen, carbon, and hydrogen occur in each separate 
molecule. 

In all ordinarv causes of combustion, however, where we draw our 
supply of oxygen from the atmosphere, it is only In' virtue of the 
proiHMty of ditTusion that a sufficiently intimate mixture is attained. 
As to the real nature of ditTusion, it is known that at ordinarv tern- 
l^eratures the particles of oxygen in the air are moving about in every 
conceivable ilirection at veliK'ities averaging over lA^X) feet per second. 
Any one atom, however, moves only an inappreciable distance before 
Inking arroted by collision with another atom. So that although the 
average velocity of the atoms is prolMibly equal to that of a rifle balU it 
still take^ an appreciable time fi>r a j^artide to tnivel even a moderate 
distance. It is this time element that constitutes the great stumbling 
bliH^k when the attenqU is maile to burn a large amount of combustible 
in a >m:ill >|vace. 

As IhM'ore noied. the reason whv intense ctnnlnistion is easilv attained 
with a charciKil tire i^ that the fuel is solid at the temperature of 
igniti\»n. IWing >olid it can pn^stMit a largt* surface for the oxygen to 
act uiHMi, and an atom cannt^t bre:ik away and go up the chimney 
without tiiM iHMng united with at least one atom of oxygen. 

In the ot>mbustion of hvdi\x'arlH>ns, on the other hand* we hare the 
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following conditions: The fuel is alread}' on its way to the ehinine}' 
before it is even partially burned. The first effect of the heat is to 
disassociate the carbon from the hydrogen. AVhether or not the latter 
unites with the oxygen does not affect the soot or smoke question, 
since the constituents and also the products of combustion of hydrogen 
are alike transparent colorless gases. But in any case the carbon, left 
alone in the form of an impalpable dust, is much less favorably circum- 
stanced than that in a charcoal lire. If it were attached to a hot coal, 
as in the charcoal fire, so as to be capa})le of receiviiig a blast of air, its 
combustion would be easily accomplished. But instead of this, it is 
carried along by the current of gases, and unless it is given plenty of 
time ])efore being cooled it will be left alone as a particle of soot. 

An examination of the nature of flaming leads to similar conclusions. 
The luminous part of a Hame is caused })y the white-hot particles of 
car})on. These particles have been robbed of the hydrogen with which 
thev were formerlv associated, and thev have not vet met the oxvffen 
necessary for complete combustion. This process of finding, or of 
being found by, the oxygen requires time, and if perchance the tem- 
perature falls ])elow that of ignition l)efore the process is completed, 
the car])on w ill be deposited as soot or else go on up the stack as smoke 
along with the excess of 0x3 gen with which it should have been united. 
Thus an unmistakable svmbol of the conditions that are necessarv in 

» ft 

order to burn a large amount of combustible in a small space is a short 

flame. 

The circumstances which conduce to shortness of flame arc: 

P^irst. Pure carbon fuel, because the fuel can not leave the grate or 

furnace until it is burned to CO at least. In anv case it can not 

deposit soot, since CO when cooled is a transparent gas. 

Second. Intimate initial mixture of oxvgen with the fuel, since the 

ft- c? 

more intimate the mechanical mixture the less time will it take the 
gases by the process of diffusion to Ix^come perfectly mixed. 

Third. Initial heating of the air, since the rate of diffusion increases 
with temperature. 

Fourth. Large surface of fuel presented for impact of the oxygen. 

The desirability of supplying a combustion chamber whose volume 
is at least equal to the volume of the flames seems obvious. In this 
connection the fact should not be overlooked that a slight increase in 
the volume of the combustion space acts in two ways to improve the 
quality of the combustion. One way — that having to do with the 
greater time permitted for diffusion — has already been touched upon; 
but apart from that there are influences at work in consequence of which 
an inci'ease in the volume of the combustion space actually diminishes 
the volume of the flames. This is because the temperature of the 
larger space is higher, and the higher temperature hastens the process 
of diffusion. 
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l)urinj( tho process of diffusion heat is iKMng liberated at all points 
throughout the (•oin})ustion sptice. Hence all parts of the space arc 
Iw'ing trav<*rs(Kl by heat rays emanating from every other part of the 
combustion chamlMM*. It is readily seen that the temperature within 
this space must, under these conditions, increase with the volume to 
an (»xtent limitc^d onlv bv the tnuisparencv to radiant heat, and bv the 
t<»mpeniture of disassociation at which, necessarily, heat ceases to l>e 
libenit«»d. Since the transpanmcy of the combustion space is dimin- 
islM^d by the presence of solid carbon (for whether black or incan- 
d(»sc(»nt it is in any case opacjue), it follows that the increase of 
t4»mpeniture with a given increase of volume will be less in a sj^ace 
lilled with luminous flame than in one tilled with burning hydrogen 
or CO. 

This (puvstion of the proper size of the combustion space is further 
complicative! by the presence and condition of the solid walls of the 
furnace, whether, for instance, they are themselves incandescent or 
mer(»ly })lack absor])ers of heat. There seems no reasonable doubt, 
howev«M\ that incandescent walls will hasten diffusion and hence 
shorten flame. 

\Vh(»n» it is i)ossi})le for the diffusion to be completed l^efore com- 
bustion begins as in the Bunsen gas })urner the difficulties naturally 
disappear and there is readily attained a very short flame which, more- 
over, is incapable of tlepositing soot even on a cold object. 

In the case of a liipiid fuel which is incapable of vaporization the 
dilTusion and ignition nuist occur sinuiltaneously. With such a fuel 
there is lH)und to be consiilerable flaming. Another difficulty, and 
one from which all solid fuels are free, arises with this sort of fuel 
from the action of capilarity or surface tension. Thus, no matter how 
flni^ly the rupiid is pulverized, each tiny drop assumes a spherical 
shape aiul so i>resents the least |>ossible surface for the imi)act of oxy- 
gen atoms. 

From what has Ihhmi said it seems clear that a liquid fuel such as 
crude {H^troleum requires an ample combustion i;pace, more indeed 
than does almost anv other sort of combustible material. 

The relative dimensions -length, breadth, and depth — of the c*om- 
bustit»n space are of minor im[K)rtance. The primary requisite is 
volume, and that alone, pnnided all jiarts of it are traversed by the 
s:uue ijuantity oi gjis in a given time: in other words, provided the 
g?iM\^are not short -circuitinl through oracrt>ss some parts of the space 
to the neglect oi otheis. Thus, if a current of gas flows throuj^h a 
cubic f^H^t of '^jiace at the niteof 1 cubic fcK>t perstHM>nd, each particle 
of gjis will sjH»nd one sivond within the s|iait\ regardless of whether 
the >[)iuv i^ long and narrow or slu>rt and wide. In a loug'and nar- 
n>\\ >p5U*e there i> less chance of the gusos taking a short cut, and 
herein lie^^ the *»ole utility of intr^Kiuciiig liaffles in the conilHistioD 
>|>!io\ Indeed, there i< a stfong i»bjivtion to their introduction arisiii|f 
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from the fact that the narrower the passage the greater will be the 
velocity of flow and the greater the distance to be traversed. Since 
the resistance that the draft pressure must overcome is proportional 
to the square of the velocity of flow and to the length of the passage, 
it follows that for a given volume of combustion space the dmft 
resistance will be proportional to the cube of its length. The advan- 
tages are, therefore, in favor of the combustion space of large cross 
section and short in the direction of the flow of the gases. 

As to the diflBculty arising from the tendency of the gases to follow 
the path of least resistance and to flow, for instance, with too great 
velocity at the center of the space and too little at the sides, that can 
alwa3's be checked b>^ means of retarders placed so as to equalize the 
velocit}' over the cross section of the current. The difficulty, therefore, 
reduces itself to the mere trouble of finding out where to place the 
retarders, and this is obviously a question to be settled by experiment. 
What is true in this matter of the combustion space is also largelv true 
of the tube space. The process of diflFusion, so important to combus- 
tion, continues after the combustion is complete, and must have a good 
deal to do with the rnte at which heat is abstracted from the gases by 
the heating surfaces. As affecting the necessary amount of draft 
pressure, a tube space short in the direction of flow of the gases 
and of large cross-sectional area is better than one of small area and 
long in the direction of flow; but on account of the lesser velocity 
of flow through the short space the gases within it will be less thor- 
oughly mixed by eddying, and the importance of arranging the heat- 
ing surfaces so as to permeate all parts of the space will })e increased. 

A primary requisite for the successful burning of a nonvolatile 
liquid fuel is the exposure of the fuel to the heat of the furnace in 
such a form that it presents the largest possible surface for the 
impact of the atoms of oxygen. From the principles of capillary 
action it is possible to establish a standard by which to judge of 
the efticieucy of the various methods for increasing the free surface 
of the oil. 

Oil in bulk has practicallv no surface. When broken up into fine 
drops, the surface is the aggregate surface of all of the drops. The 
smaller the drops of oil the more perfect the spheres. Thus drops of 
oil one one-thousandth of an inch in diameter are known to assume the 
spheiical form with a rigidity compamble to that of a steel ball 1 inch 
in diameter. The work necessarily performed by the atomizing agent 
is simply the work of stretching the surface. 

Petroleum whose density is 0.92 has a bulk of 30 cubic inches per 
pound. When broken up into spherical drops the surface of a pound 
of oil is 180 -r- (I square inches, d being the diameter of the drops 
expressed as a fraction of an inch. The work required to stretch the 
surface of petroleum is 0.0000151 foot-pound per square inch. From 
these facts we can compute the work done against surface tension in 
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forinin^^ spniy. This work is 0.00*27^2 -7- d foot-pounds per pound of 
oil. Thus for drops O.()0(>l inch in diameter the work is 27.2 foot- 
pounds p(»r i)ound of oil. There is no known method whereby, even in 
th«»orv, oil ciin Im* sprayi^d with 8ui'h a hit^h degree of efficiency a.s that 
indi('ut('d ahovt*. 

The only obvious way of stretching the surface of a liquid which, 
lik(» pi^trohMim, is incapable of being dmwn into a thin film is by oppos- 
ing forci^ to change th(» moiiK^ntum, and this necessitates imparting to 
each particl(» a velocity, and hence a kinetic energy. 

The diameter of a gnivity drop of oil (a drop which is broken off 
from a largiM* mass by the force of the weight of the drop itself) is 
abimt i). 1.") inch. Starting from this datum we can derive an expres- 
sion connecting the diameter of the drop with, for example, the 
diameter and the number of nnolutions of a circular disk from the 
IHMiplicry of which the drops are thrown off by the action of centrifu- 
gid force. Such an expression is 

irlhi ^- H>,r)70 

where /i revolutions per minute, 

/> - diam(»t(*r of disk in inches, 
// diameter of droj) in inches. 

Th(» drops are, of course, thrown off with a velocity equal to the 
peripheral velocity of the disk. The kinetic energy represented by 
this velocity for petroleum, having the assumed density of 0.92, will 

/> 
be o.oo.U 1 , f(H)t-|>ound \^v ixmnd of oil. 

This kinetic energy added to the energy required to stretch the 
surface of the oil gives us , foot-pound per pound 

of i»il a^ the total energy nH]uired to spray the oil by this method. 
The kiiu^tic energy is 1.14 /> times the energy required to overcome 
the Mirface ten>ion. To illustrate the alwve, suppost> the drops are 
0.iHM»i inch in diameter and the disk i< S inches in diameter. The 
work oi stretching the surface will then Ik* 27.2 foot-poun<l;> and the 
kinetic energy will be 24S.^ foi>t-ixninds. making a total of 276 foot- 
ixnind*^ per ]H)und of i>il. Contrast this with the resulta* attained with 
a >team jet. 

When the oil is >pniyed by a steam jet one- half {K>und of ste«m per 
jHuuul of oil, or ."> i>er cent, of all the steam g^Mierated <e\'apormtioii 10 
jx>uniU oi steam }vr jHMind of i»il ) is considerwl fairly tvi^nomical. Bat 
in a modenitely tHnnvmiimil steam engine — i. e.. one givinjr a horse- 
jHuxer for .S4^ |Huinds oi >team jx^r hour — tMie-half pound of stettm 
viehU i*>,7»H» fiH^t-innuuK which, at 2,Vi fvxH-ixninds per pound of oil, 
i*i cai^ible of vpnn ing I' 4 [xnmds of oil into dn>ps ••.^•■••l inch ill 
diameter. The >teani jet i-» then^fon^ only aU^ul 1 per cent as efficieol 
a^i i-» iheoreiiv^idly jH^**Mble. 
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In making this comparison \vc have of course assumed that the 
steam jet also produces drops ().0001 inch in diameter. More likely 
the steam jet produces drops of various diameters. Some idea of their 
probable size may be formed from the following dimensions: 

0.000U0045 inch, thickness of black spot in soap })ubble. 
.00i)0845 inch, thickest red of soap-bubble iihn. 
.0001007 inch, ) diameter of drops in cloud of exhaust steam from 
.OOO'i inch, t low-pressure engine. 

.00897 inch, ) ,. . , . • i j • ^ i 4. ,. / n 

^ ,^^ . I c diameter of drops in ram cloud iust about to fall. 
.0222 inch, \ *■ ^ 

The development of a .simple mechanical burner ought therefore to 
be not only possible but probable. For marine work particularly such 
a l)urner would possess advantages over an\' appliance that required 
air or steam for etfectint^ atomization of tlie oil fuel. 

A study of the liquid-fuel problem from the standpoint of the prac- 
tical or mechanical rather than the theoretical or chemical feature of 
combustion would then^fore show that when an assured and reason- 
ably cheap supply of sucli fuel can b(» ol^tained, and when steam gen- 
erators are designed for burning oil exclusivelv, it will lie essential 
for the efficient and forced l)urning of such fuel to provide ])oilers of 
greater volume than now constructed for designated horsepoweis. 

The resulting gain from the installation of naval boilers of greater 
volume than now permitted for designated horsepowers (even though 
such boilers would require more weight and space than now allowed 
for such horsepowers) would sul>serve naval interests and be manifest 
in the higher efficiency, increased capacity, and in greater endui*ance 
of the boiler — the lungs of the vessel. 

Where there are no limitations as to space, weight, or height, as in 
land boilers, the increase in volume could be best secured, in the case 
of tire-tube boilers, bv len<»fthenin<r the tubes and furnaces and bv 
enlarging the combustion chambers. 

In the case of marine insUUIations, and particularly so for naval 
purposes, the enlargement in volume could })e l)est secured by giving 
the boilers greater height. In connection with this matter it ma\' 
be incidentallv stated that heretofore in naval construction the instal- 
lation of a protective deck on gunboats and protected cruisers has 
limited the height of naval boilers. Now that the usefulness of a 
protective deck in other than armored cruisers and battle ships ha8 
been seriously questioned, it would appear as if the height Hmitation 
of boilers installed in naval ships of moderate displacement should not 
be so severe. In the case of the armored cruiser and l)attle ship the 
gain in efficiency and endurance that would be obtained from increas- 
ing the height of boilers fully warrants the designing in those vessels 
of a higher arched protective deck. 
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For marine purposes it hiis been desired that burners should }ye 
installed capable of effectiiijif vaporization of oil without the aid of any 
intermediary of steam or compressed air. The direct use of steam 
entails a corresponding loss of fresh water, which in the case of ships 
und(»rtaking long voyages means considerable financial loss, especially 
if an extra amount of fresh water has to Ije carried in tanks or double 
bottoms, or has to })e made up by the expensive distilling and con- 
densing oix»mtions of the evaporator. In stationary- and land prac- 
tice this loss of fresh water may be of no serious consequence, but for 
marine purix>ses the use of steam as an atomizing agent means a fur- 
ther additional charge against the ship, whether the extra water used 
nuist })e obtained by distillation or whether a dead weight of water 
must be carried in the dou})le ]x)tt<)ms. 

Where compressed air is used as a medium with which to effect 
praying, although no direct loss in fresh water is involved, the introduc- 
tion of air compressors encroaches upon the weight and space allowed 
for insbillationof machinery and requires considerable attention in the 
nature of upkeep and repairs. The character of the air compressors 
necessary to supply sufficient air for a number of marine boilers is 
such that the space occupied by them in an engine room or other com- 
partments is considerable. The hoi"sepower required to operate com- 
pressors is also quite an item, and to this extent involves an additional 
drain on the fuel. 

Since th(» early da3^s of oil burning, various plans have been pro- 
posed to ctfect vaporization by entirely mechanical meaas. Early 
inventions contemplated the use of oil running over surfaces exposed 
to the action of flames and the burning tiiking place directly on the 
exposed surface of the oil. All such plans proved decidedly inefficient 
owing to the fact that the air supply could never be brought to the 
Inirning surfaces of oil in quantities sufficient to effect complete com- 
bustion; consequently all mechanical ])urners operating on that plan 
have be(Mi long since abandoned. The next field of invention that gave 
indication of success was to design burners in which the oil would be 
sprayed positively by mechanical action. 

Mechanical action can be resorted to, for the purpose of sprayinif 
oil by two general methods: First, to force oil outward under con* 
sideiable pressure from a properl}' formed orifice, by the action of a 
s[)ecial pump; second, by whirling or flinging the oil outward from a 
rapidly revolving mass or burner head. 

820 
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The board recognized the fact that to <-oiidiict extensive tents of 
these two separate iiieanM of burning oil fuel would require a long 
range of ev peri men tat ion, which the facilities of the Bureau would 
not permit. Tentative experiment,-! were, however, conducted, and of 
sufficient extent to indicate a possibility for successful development of 
these burners. The board has previously made reference to a series 
of oI)scr^'ations conducted with centrifugal burners, from which were 
derived a number of interesting fact-t, (See [jages 258 to 266.) 

Of the mechanical spray burners it may be said that very few have 
achieved success. It is obviously very difficult to devise an apimratus 
which is capable of dividing into a fine spray a material so thick and 
viscid as fuel oil. As a step to the study of how mechanical spraying 
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can be effected, an examination could Ih' made of certain forms of noz- 
zles now used for water spraying or for lawn sprinklers. In these little 
devices we have a somewhat similar problem. It is desired to spray 
water by means of no other power than that resting in the pi-essure of 
the water itself. In the case of oil, as the fluid is far more viscous 
than water, it would seem that a greater pressure should be applied 
to the fluid in order to effect a corresponding breaking up of the oil 
into particles. 

In lig. 87, are shown a variety of orifices, any one of which 
may effect the spmying of a fluid provided the pressure on the 
medium is sufficient. From the experience gained with these types 
of orifices, it has in general l)een observed that the best effects 
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can lie ohtaincHl from an oi'itite or nozzle as shown in fig. 46, on an 
eiilni-^'d st-alc. It will W seen that the fluid ]Hu^Ming through the 
orilicp iindor this action of tlie heavy pressure has tirst impai'tcd to it 
a rotmy nidtion. niuscd hy the introduction of spiral hladou, which 
blades should Ih' sufliciently near to the oritioe so that the rotation of 
tlio oil will not lio iwlueed liy the lu-tlon of the skin friction of the 
[Missages lietwoon the ]>ludes and tlie tip or oritioe. The fluid, once 
piissing the point of the oriticf, then meets into collision with the 
variiiHs streams of fluid, and. togctlier with the centrifugal action, 
the ensuing result is that the oil will l>o expanded or thrown off into 
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the niiliittiiijr liiie>, ;i> -liowii in the diagrum. The pressure behind 
the thiid. the pitch i>f the guiding liliiiles, the sliiirpness of the oritice 
cdiTc-. iinil tli>> fnrm <ii the ccntriil cone ai-e all imix>rtunt items, each 
of which h:i- n rclutian U> the liniil result. Burners designed on these 
line- c;ui give and have given very fair result!!. 

Referring Id work actually accomplished with meebnnical linrners. 
n'ference -hould Im> uunle to the successful installations undertaken 
hy the Ki>rting Iiri)thers in Euroix'. Their first form of Inirner was 
on til.- line- u- -liown in lig. 4t'.. From this it will be seen that the 
oil. under the action of tlie pump, is forced through a tapering screw 
thread mid to the spniying oritice. The effect was reasonably >utisfae- 
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tory. Later designs by these iimimfacturers (lig. 47) show this Imrncr 
with the orifice given, tlie lines somewhat resemMing an injector 
instead of spraying outward from a sharp edge. The loss of spraying 
effect from the sharp edge ispiobiiMymade up for. by a cun-ent of air 




which is swept through the small holes in the outside rim of the bnrner. 
A further improvement on the mechanical fittings of this burner is 
shown ill the mcchanieiil oil burner used on the Netherlands revenue 




cruiser IInxrnii'iinL A cross section of this burner is as sjiown in 
tig. 4S, The structural details are greatly modified, while the essen- 
tial principles remain the same as in the pri'vious burners. The 
points of difference note<l arc tliat each working part is made (piickly 
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iviin»vii)»l«* for ('xaiiiiimtioii or cleanini^'. Hurner> of thi- type hiivo 
!k^«-ii l«»ii;r ill u-«* in th«* s<»rvir<» of tlio vessi'Uof that cuuntrv. auda|>|)«^:ir 
to havf jriv,.|i ^uti'-faction and to have producKl very linlf Muoke. 

¥i^. v.* -li«»w> a nii'chaniral burner used in the Baku oil ti«dd'* <.>f 
Ku*>ia. Jt wuuM at first 1m* thouirlit that burners op^Taiin«r in land 
serviri' -h'.»i;M n<»l s«M'k to Ix? six^'iaiiy eeonomieal in the u^^ i»f <*teaii] 
a- a -jirayiiitr ni»'diuni: but as the use of a steam burner alway*^ entails 
tli«- 1«.»-- «'f watiT. and as thr Baku oil tields are praeticsilly on the 
e«l;r«- «'f ji -i<'-eri. whiM'e all water has to l>e hauled or punijK-d. it is ihere- 
fon- !i*-r»— siiiy in that lorality to resort to every iui*th<Kl j><>5i'-ibK» to etfect 
wat*-!' -iivijj;/: \it'iif(' xhf development of this meehaniesU burner f«»r land 
M:'rv !«■«'. In tbi^ bunn-r it will l>e obM»rved that the spray inj^ i< etfivted 
by the a«iir»ii of two •'^•ts of spind truide Idades — one hL'I within an 
inij<M- tip ani on*- -♦•t within thr outer tip. It will h«? noted, further. 
that \h*- oiit*-r -prayin^ir tip is removable: >o that, as the lip edges 
w«-ar. iK'W lip- i-an bi* ins«'rted or speeial tips can Ix* placed for ujse 
und«-r * «naiji 'onditiojj*. of pn'ssure or fluidity of <»il. 

'J'h»' *-,\jHMiiiM'ntal f)oard. late in the eourse of its; in vest ig*.it ions. 
devi-^rl tlj«' f»iini*'r a- >hown in tii^. 5<> for test purposes, to run under 
nj«'<-liani<al action, but opjx»rt unity was not presented to put it into 
M*rvir«'. A* i- *ljown in the sk<'tch. the guide blades are verk- ojien 
an*! nf -tft'p j^iteh. a^ it was tin' intention to use it on California oil. 
whirli i* uf ;rn-atrr vi^-osity than th<» T<»xas product. The shapt* and 
typ<* <»f till' tip wa> such that (changes in angles or sharpness could l)e 
quickly niad<'. or n«'W tips n*phwed as old ones benune worn. 

It should f»H noted that with all these mechanical burners the tips 
ar«' HMjiiirr^l to Im* vry small in the diameter of oritice, usually not 
over on«;-sixt<MMith of an inch. As the oil is forced through under 
cousidcnibji' j)re><iin', and as tin* oil carries more or less grit, the tip 
is tln'H'forc >ubJ4M*t«*d to ron^^iderable wear, and of necessity should 
be madr <jui<-kly ren«'wablr. 

Any buriH'r operating on the nx^chanical principle requii-es as a 
fundamental <*sM«ntial for its satisfactory operation that the oil should 
always b(» >uppHrd under ronsiderabl(» pressure, pndjably never less 
than 4«» ]K)unds to tin' s«|uan» iM<*h. and many plants are stated to l>e 
running under regular pressures as high as loO jKnuids. 

It is further essiMitial that th<' air supply should always l>e brought 
to as high a temj)erature as ))o>si]>le, either by supt^rheating, as in 
the llowdi'ii system, or by prop4»r arrangement of the funiaw jMssa^s 
whereby tlie siir can be not only made to pass lx»tween heated linings, 
but can Im* ))rouglit to im])inge (m the newly formed jet or spray of 
oil in such manner that coiidMistion can })e i nunediat el v effected. The 
air necessary for cond)ustion must 1h* undtM* control and regulation in 
order to conform to the tpiantity cjf oil being forced through the ori- 
fiw. With a carefully adjust e<l heated air supply and properh' regu- 
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latnl luirnors tliis merhiuiinil inrthodof spniylng oil will undoubtedly 
irivo sati>t'ju*t<)rv results. 

In ti*r. •'>1 is shown tlir arrantrt'inrnt of fiirn:u*es a.s iiistall(Kl in the 
NiHlerland st<*ainor limmnr. It will he not icwl that the mechunit-ul 
appliances or hiirners spray into a furnace in which there hits l>een 
suhstituted for the *rrate bars a special desijrn of cast-iron rihliod 
plati's. In what would appear as (h(» a>h jnt theiv is placed a thin 
shet^t-nietal partition, so arran)Lr<Hl that the entering air jiasscs in on 
tlie lower side of the partition and n'ceivt»> in transit some heat from 
the lower 4M)rru»riitions of the furnace. This air then passes to the 
upper >id4' of tin* partition. i»etween the ca>t-iron rif»s. which are very 
hot, owin^^ to their j>roxiniity to the tlanie, and having thus Invomo 
healed the air ^tiike> aL^'uin^t the fri'shly forni«Hl spmy of oil, nipiilly 
]>roducin):r inten-NC conil»UNtinn. A seemintr ohj«^ction to this furnace 
Would l>e that the upper part of th*' furnace is entirely unprot^vtinl 
\\\ hrickwork. <onM'<|Uently the fuel oil is liki'iy to strike the cold 
plates, whereas no oil shouKl in the early formation of the spniy strike 
anythinj^^ i»ut highly hmiti-d Inickwork. However, as thus arran^td. 
ihcM* furiKues appear to have alforded reasonable satisfa<*lion and 
inmuinitv from smoke. 

In llh^ opinion of tiie l>«»aril a more etiicient arninjrenienl could Ik? 
ol>tained by u^inir furnaces with 4'Xtension fronts and providi^l with 
air inh'ts -^o devi^'d a-- to \£\\y- the enteriuir air in»t «»nlv a hiirher teni- 
lHMaturt\ but aUo a coiiNiilorable sj)ii*al arti«)n. Furnace desij^'ns of 
tbi^ kind are as shown eUewbere in this rejH>it in tijr. i**^. F<»rnis IV 
anvl W anil tiir. l'»K Forms \'IIl and VII. 

Mr. Iv. A. MtMJer. superintt*ndenl enjjrineer. Koninklijke Paketviuirt- 
MaalNihappij, of the Nederlands-Indies, ha»* adtipt«Hl mechanical 
^]>ra\ iuLT of the Horneo oil in a mimber k\{ the lari^e ^learner-* <»f that 
i-ompany. an*l hi-- \ iew-* are a-- thus s«»i forth: 

h: :in-:inji.'._: *::<• ■ r-iiiMiy i;!!.;!. •■ «■:' a :ii;iriiu- l«»iirr f'-r liu* t'liriiinij i»: li.jiiM fuel 
;;.r :'-.«'\\ i:.j i: i- r:a:.: r-'ii.T* i.avt- i.« 'iv kvi-t in \it-\v: 

\V:t!i :i -!:._';.' :::r<i;;:r.:i\il :-''.r:;iT j-r. ii-aMy w* ijinrx* ihaii a 'iCiiiuiTy -.f .■:! sjuI- 
:.■ :♦ ::: :" r a-- m* '^■i I. II. V. ]■• r }..■■.; r ran ^»* injfrtr«i ini«» Th»' ir.riiaiv <*i:i:in:iu:: This 

■ i!::- r '.s ■•.;«•. !•■.] air :> :: i a. rkinj . an-l :lii? i'TTrn rrn-u-r* it i.vvfs^iiry t-. j.lai-e 

•«■ .i:. 1 '• •:.t-:i"::f^ ilin-r l'::r'.'r- ■ ■;: i-arli lMri:a«v I" aii«»w tl.i- fnli •inainiTy ..f fut-l 
:•.!-> --.ir\ : »■ ::.♦■ ir»-a::. :i .■:' liifi-. -in-il «.Train. !»■ fTitrrilir fiiri:aifs. aii«l a::ip!f n«aii 
-:. : ': > "■•■ \i\y\. ••!. :::•■ :i:r::;*. i- :"r.'nt, a** wfll a- in tiu- lurnait* ii.-t-li. : ■ a.j"W 

T: ' ;t : '.»• « — .ir\ ' : . ■ ::. >ti -w — a'iNiut !*••• ••u?'ir i\vt jht j-Hinil •>:" .»:" — Iias 
• ■ - '\ ..• ..*»-': • : '■»■ I •::.!: j ::.! ■ •■•'!iia«t wiili thr jk-«r!i«.i«s ••: f::t-l. aii-l iJii* •'•■^n- 
:.:■ • - • .1- ■:.' v.a:!.' a- !--^i'''!»- :t alK^w t-xi-ry i«rtio\* m1 "il :•• U- »f i'. sor- 

r ■::. •.•■; ;. *:.■ ':.■ * ::.:'.''.v::;j a r. » art- >h'»nl'i U* takrn !f alinw thf liv^h air fp>n] 
w:' . •.*. a !". t .1 ■ I— : ■ *:.! : •.::.a » -. an-i :lii-rt-i"r\* iIu* -!"kfht4«l ;mtini> ^lO iWk 
-: - ..,!'■ '.i'j«- i-La:.!'- \\\\\\ ihr -j^antiiy ••! *ir neiVfiiMftry for 

r- v... n:a.:. • r- :^ r r/a- : ''rTut-^-n air asi-l iiU'I th«^ air d«i«in£ in t^h^mld 
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(</) The ji't of oil fuel must spray freely into the furnact* an<l bum there without 
touching any of the lK)iler parts or hriekwork, as tluH wouhl cause the formation of 
ear>>on. 

(< ) A g<MMl quantity of brickwork is necessary in tlie furnace, not only to act a** a 
l>ri<lj;e to prevent the escape of the gast»8 unbununl throuf^h the funnel or as a pn>tet'- 
tion for the l>ack of combustion chamln^r, but also to allow the l)rickwork, after ))eiiig 
heate<I, to act as a heat a<'cumulator, thus constitutintr an ai<l in keeping the furnace 
at a hijrh tempeniture. 

(/) The oi>eninj? of the tin* brid^^e for the outflow of gases should l»e trie<l ver>' 
accunitely, as an oiKMiinj? t »o small or too larjre woul<l produce a thick smoke. 
Kxpi'rience with Jii)rneo oil fuel sln>we<l 0.*) s<iuare feet of opening per burner to l>e 
alH>ut the re<piired size. 

To thi»se the experimental lH»ard would certainly ad<l the following: 

[(/) Can'ful filtration of oil is an essential. As the spraying nozzle must have a 
line aiH»rtun\ any chip or particle of siind or dirt will easily clog it, therefore filters 
of wirt» giuize sln>uld be Htttnl of mt»sh at least one-half the diameter of orifii-e. It 
would also Ik» found l)enefi<*ial to use double strainers. 

It is also important that the temperature of the fuel oil should be 
raised by some system of gentle h(»ating in order to increase the fluid- 
ity of the oil, but it should be noted that this heating should not be 
carried nuich over 140 F. Perfectly cold oils of certain fields are at 
low temperatures, very viscous, and in fact so thick at temperatures 
beU>w 4(> that manv have the consistency of a tar rather than oil. 

The sprayed oil fuel after leaving the nozzle of the niec^banioal 
burner should show an even light gray color as water \'apor. The 
brown or dark line in the sprayed oil proves that there is soDie 
obstruction in the burner, and the needle or nozzle should In? instantly 
taken out and cleaned or replaced by a spare one. The construction 
of most of the mechanical burners makes this change an easy matter. 

OIL-Kl KL TKSTS ()\ HOAKD TlIK STEAMKR TEIIE. 

The increasing attention devoted to the median ii*al spraying of oil 
without the use oi any internuHliarv of compivssed air or steam to 
effect vaporization induced the lH>ard to take cognizance of the work 
Ihmiilt di^ne in this direction on the C\»ntini»nt. 

.v> an example of carefully conducte<l tests cjirried out on a scrale 
sutruitMitly extended ti) secure fair results, the Iniard appends infor- 
mation obtained in a series of runs of the steamship Te^iir . as i*onducted 
uiuler tlu^ supervision of the Engineer Sjil atoiv C)rlando« of the 
Na\ igjizione (ienerale Italiana, as published in the Kivista Marittima, 
March, liK4, antl translated by the Oftict^ of Naval Intelligeni'e, 
riiited Slates Navy IVpirtnu^nt. 

riie Meaiiur /' 'f. of the Navimizione (ienerale Italiana. rxnvntly iiuule a ^^kva^ for 
the pur]>ox' «>i te^tin^j oil fuel in oiuibination with u Ki»nin^ :>|»rmyinfs bamer. In 
\ie\\ •»! thf iTiHNl i\*siil:s Mvur*tl durini: thei^e i^-sts. it is iWiueil (ieniable to |nve 
*oiue »lata ^^»n^>»rnini: ih.r \\orkin«j of this installation. 

Th»' /'• ' has a !n;«!e-rxi*:in'»i«Mi enjrine, built l»y the iMen» Works, of 1,973 I.lf.P. 
^teani i-* >u|»i»lit"«l l'\ t\%o.iouhu^*n«l S^»t^•h K»ilersoi six fiima4V!> e«i*h, theenteffiii|^ 




^iJM 
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air ln'iii;; lu*atr<l l»y Uiv Wowih'U syr^tt'in. TIu» tntal lu'atin^ Hirfa<'e is 6,458 Hi|iuirt' 
ffi't, with lu'atinjr tnlu's littiMl with rftanlcrH. 

In thfM' rxiH'rinu'nt.s Texas iH'trnh'iiin was usf<l, which was ohtaine<1 from th»* 
oil <h*iM>t at AU'xamlria, I'Vypt. Hcinj; in th«* crink' state, or nearly w», this* fliiiil i> 
very vin'ous iiiu\ does n«»t possi^ss the st»arehinjj: qualities of n*iine<I ]K.*trr>leuni, ami 
thus the fuel may Ik- kept with iH'rfeet Siifety in an ordinary «louhle-bot ton » o»ni|itirt- 
nieiit »»f the vessel. It was thus kept on lH»ar»l the Tt'he, 

In onler to allow the noxious jrases of the enuh? |>etrc»leuni to c»seai»e, fvory oil 
<*onipiirtnient was lilted with pipes risinur alM>ve the u]>iK*r deek, with elUiw extrem- 
ities in»-l»isi'd in a safety easln«r turning: downwanl. 

The point of i'jnition of the fuel used was found to Ik* quite hi^h. Partial i)irniii<in 
only Mciurml at UHJ" F. and eoniplete i^rnition at L*IiO° F. This is eonsidrnildy 
U'vond the mininnun limit <»f safetv required hv Llovd's in Ixmdon. The »U*nsitv 
of thr fluid hurm'd was (KlKil at tii^"^ F., 0.ixr> at i:JO° F. 

It rnutained less than 1 per cent of sulj>liur and tlu* repi<lue of ashe$> was o.n21 

JKT rrUt. 

Thr ••il is flrawu fn>m the »loul>U' hdttom hy means of a TUake puni]> <if a eaiiaeity 
i^i \'2 t(»n> an ln»ur and then eonvevttl to two ^erviee tanks of in tonj* each. dt*siiriK*«l 
to ^•iipply alternately the n»^-t*>>ary oil to the burners. 

Tlu' main oltji'i-t o\ thest' tanks is to separate the iH'tndeum fn>m any water wliirh 
it may Imld in su<|H*nsion. 

In thr h«»ttnm of thi'>e tanks is a network nf diaphra>rms forming rollin^r divi>i«»iis 
whii'h previ'Ut thi' water, after haviiej K'en >e]»aniti^l. fr«»ni a>!ain mixing; with tht- 
oil ill \'«in>«ei[Urnre of the motions of the steanuT. 

Al'0\«' tlu'>e ilivi>ii»n-. whieh areaUuit t» inehe< in hei^lit. is a stt^m oiil f«tr hfat- 
ifii: the oil to no -^ \\ 

l';uli tank i> lilted with a iraujre fi»r mi-asurimr the oil. a retvj»iaele f««r t-olltn'tin*^ 
the w;iier ir. wliieh is tittitl a i:aui:e for mea>urin«:. and a pii^* for •Iniwinir off tht- 
water, a • ieanin-j oritiif. a mis eseafK* pi Ik*, an overllow i>ii«e. etc. 

I: wa- r>iimated that the eouMunptitin would U* aN'Ut a li«ii of oil \t'r hour. an*l 
a- a t.'i;^iji;:ption .•! two ti>ns was never jH-nnitleil. eaeh tank wiiiiM then !*TVf a? a 
n"»« rv.'ir for uIkmu einhi liours* o|ii'raiion. during wliieli time the water in the tank 
n. t ill n-e wor.M haw time to si']»:irate from the ]ieate«l oil. owini; to the differenev 
in di:>i:y. 

Tiu- .ien^iiy i-: the iftroirum ai l."i<»~ F. In-iu;: tijual t'» o.iiiV*. a* stat*^l al>ov*-. this 
M-vaT-.i:i- r. wa- effe**:*'-! rapi«ll\ . and the water whieh irathen-ii at the U»ttom ••! the 
tai.N '»■•.•:: ai-ware-: ;:: The :^aui^" t.f th»* w:itir-« oliiVtiniT nivptaelr ani! wa^ i.-^<il%- 
draw:; ■ ::. 

T':.e ^ ;. :; 'U '.'ii-^- fr.'i'.i tlies** tank> lia^ a fH-k ^u^i aNtve the p>llin£ divi!»i«in» an«i 
t::-.> v'\:. :'.»-a'"\ i-n v»'!:> eve!i a s!ua:l .luantitv of watrr in«m Wine •'^•nvfVt^l !•• the 

T'..K ^. r.i\ .r.j -■:" :V.e tl.iil iu:.* :he i-.'.rua»vs is efieitoi hv •nt-ansof !wik«u>all WiiTth- 

:::.;• :. :. ri.'^.Ta". v::*..:-, ".-«-i ::;Ter::.:::enT;v. ••: a diameter "f ^iinebesw vith a nsetal- 

::»: --.»:: :. :: v r. T'le ^ri-w :it-:r ■'tv.m -irawn fn-tn the s'lirtAiv tank« ia^ f<trv>i?1 

^ V : ., -t W. r" '...:. .•:•:. •;•..•- !:.: h^a-t r>* iiit* wl.i, h the tvmjifratiiiv •>£ the fori ^•il 

: \ : w :... : ..-v -.- \: i^.l : r •:.:er:..::tent ^^rxitv •-. lijc. -Kf finally n«('fa«!j& 



.. . .( 



t::* 



....... ^ .. ^ • ■ . • . s ■ *"■ '.^ i • •■•T..»-*^ • -r *!»ravrr* 



r.. .'-..tr :>■.-> : ..'. :r :. .,i>::-.j :..-.v:::j a •ii-^'Jiarvnoi • 'rinvV aN.'m; iXCfi inch 
\:\ ••. a- • *■ '. '.^ .'■- .i ■ :.". -.i'. ■ ;- :::::j : war^'. ::.e ::;ter"rox the funace. Ii»ie>4 
:"..- ..-.: J - a -:•.-=". ""^ ::. : » , . w •.:. ':. •> :.v'. I '"'y a -::ra". -i^i^rinir in a (vntral f<wit>.^ci 

^ .:' ' r- ,.: .:::-. r Tir i'. :';.f ^-a-'r.^- ::.v i\w'. ••:'* u.us: x«9«^ )Mv«wti ibe ^fvna^ 
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of the triple-thrvad s( Tv'w r, taking on a rotary motion when worked under preflmre 
of 45 i>oun<1s jH»r s«iuare inch. Owing in part to the restricted ppace between the 
spirals of the hctow, and partly to the Hniitation of the circular space formed during 
rotation, as well as to centrifugal fon^e develoj>e<l, the oil is completely atomized and 
enters the furnace in the form of a funnel rather than of a cylinder. In each furnace 
there are two burnerF, l\ inches apart, which may lx» ojwrated independently (*f emch 
other. Owing to the proximity of these burners the axis of the two cone* of tlaiije 
wouhl interj-ect each other. In order to obviate the effect of this neutralization of 
rotation at the colliding iK.)int, the screw of one burner has been made ri^ht-handed 
and the other left-handed, and therefore the two oil cones would not strike ea<'h 
< it her, but rather aid one another in their motion. 

The ])ressure of the oil nece^ssary to effect gcKxl combustion is about 45 {Miund^. 
Where it is desire<l to increase* or reduce the rate of combustion the pressure must 
be raised or lowerwl. 

The air riKiuisite for combustion is introduced into the furnace through the ordi- 
nary Howden oi)enings. The ring./', as will l>e seen from the drawing (fig. 53 ), i-om- 
j)els the air requisite for combustion to mix intimately with the two oil conee, and 
this is attested by the practical immunity from smoke as obser\*ed during the 
exjx^riments. 

The Korting company, which made the oil-fuel installation, had guaranteed to 
secure an output of evaporation of not less than 2,H(>5 pounds of water at a steam pref»- 
sun» of 190 jMjunds with feiMi water at 158° F. This heating of the feed water was 
obtaine<l bv means of an oniinarv Weir heater. 

For measuring the fetnl water the folU»wing metho<i was employed: A pe8er\*oir 
or tank for the ft»e<l water was installe<l alongside the air pump. The capacity of 
this nn-eptiicle was accurately measuriMi an<l sulxiivide^l int<^^) quantities of 28.4 gal- 
lons by appropriate marks on the gauge glass with which it is fitted. At the moment 
of ol>s«'rvation the suction of the fee<i pumps w&* closed, so that the water, after 
filling the chaml)er of the air pump, flowe^l into the tank and imlicated the height in 
the gauge. 

By measuring with a secf»n<l counter the time employed in passing from one mea^ 
ure to an<>ther, the attendant could de<luce the feed water per hour corresponding to 
the rate of the engine at that moment. 

Sinmltan«*ously the (juantity of oil c(.>nsume<l was accurately measured by noting 
the drop of the oil in the gauge gla<s. Then* was thus obtained the two factors 
essential for <letermining the (juantity of feed water evaporated i)er unit of liquid 
fuel. 

A careful ol)servation showtni that 52.8 gallons of water at a temperature of 96.8* F. 
were evaporatt^l every fifty-four seconds. There was an hourly consumption of 280 
gallons of oil, and as the density of the oil, lu* previou»<ly stated, was 0.905, the con- 
sumption ]>er hour by weight wiis 2,112 pcjunds. The quantity of feed water evapo- 
rat«*d per hour may 1h' a-^sumed to Im? alnrnt 20,000 pounds, an<l therefore the 
evaiM)ration of water i>er pound of fuel was 13.77 pounds. 

Ex(vpt for the fact that the steam jet appliance — which ha<i been installed for 
clfaring o}>st ructions which fonne<l on the nets of the filter — proved inadequate, the 
general oi>eration of the plant was very satisfactory. 

The choking u]) of the filters otrurred quite frei]uently; so much so that at the 
end of a few hours of oi>eration all the filters had to be taken down in torn to be 
cleantni. Thes*' obstnictions were first indicated by the increase of the prearare of 
the oil in the heaters as well as by the appearance of smoke in the foniaoeB. 

A i-areful examinati<»n of the <leposits fonned <^m the nets of the filterB ^owed thai 
the ol>stniction was not a foreign substance (*arrie<l along by the oil, bat Father eap> 
Ixjn held in suspension in the oil itself. The formation of this carbon depoat in the 
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oil was probably due to the increase of temperature to which the oil had been sub- 
jected in the service tank and the heater. « 

As the entire oil-fuel installation had been favorably passed upon by a Govern- 
ment lx)ard of experts, the steamer was enabled to start on December 27, 1903, to 
Alexandria. 

During the first period of the voyage — from Genoa to Leghorn — the objectionable 
feature of obstructions forming on the nets of the filters having again appeared, all 
the net** were taken off, with the exception of that of the filter on the suction pipe. 
In this manner the deposits, which were nothing other than combustible matter, 
were thrown into the furnace. The work then became regular, and the voyage to 
Alexandria was cjunpleted without further inconvenience. 

During the various runs several experiments were made with forced draft and fuel 
consumption noted, which are summed up in the following table: 



Roate. 



Duration 
of obser- 
vation. 



Oil con- 
sumefl. 



Consump- 
tion per 
hour. 



^.^" Mean 
"*^^°' men tin 



h. m. 



revo- 
lutionn 
per 
min- 
ute. 



indi- 
cated 
horse- 
power. 



PoumU. 
5, 692. 5 



Genoa to Tjeghorn 2 44 

Leghorn to Naples , 17 40 '36,230 

Naples to Messina 11 21 23,225 

Messina to Alexandria, Egypt... 44 oO 88,919 



Pounds. 
2,016.8 
2, a50. 5 
2, 046. 2 
1,983 



84.9 I 1,923 
85.2 2,012 
83.4 I 1,854 
84.2 1,903 



Con- 
sump- 
tion 
per indi- 
cated 
horse- 
power 
per hour. 



Pounds. 
1.067 
1.005 
1.087 
1.027 



The o|>eration of these mechanical })urners was not accompanied l)y any noise. 
Not only did the steam pressure remain constant, but the level of tlie water in the 
boilers was always maintained. The labor and care of operating the installation 
was therefore reduce<l to a minimum. It was also observable that there was a slight 
variation of temperatures in tlie fireroom-. 

In this first voyage there was (luite a loss of fuel, due to the fad that the filters 
and the burners had to l>e repeatedly dismantled in order to examine and clean 
them. There was also resulting loss of oil from the attendant dripping which fol~ 
lowe<l tlie examination and dismantling of burners and filters. 

Kliminating unusual losses of oil, it may be as.sumed that the Texas petroleum as 
secured from the oil depot at Alexandria and burne<l with a Korting apparatus f> in 
an ordinarv Scotch boiler fitted with the How<ien draft svstem will result in a con- 
sumj)tion of alH)ut 1 pound of fuel per horsepower for marine purposes where there 
is an ordinary triple-expansion engine. The consumption of Canliff coal un<ier like 
conditions may Ik* assumed to l>e never less than 1.50 pounds of fuel \)er indicated 
horsepower. 



« As noted elsewhere in this V. 8. Naval Fuel Oil rei:K>rt, it has been observed that the prevention 
of deix)sits of hydrocarbon can only be provided against by not heating the oil to a temperature 
exceeding the critical point at which such hydrocarbons are depKwited. The chemical analyses of 
various oils shows the point at which such deposits commence to form. 

&Si)Ocial attention is called to the fact that these results secured with the Korting mechanical 
burner agree very cJosely with the data secured from oil-fuel installations where the fuel is atomized 
by either steam or air. 
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RESULTS OF TRIALS WITH KORTIXG BURNERS WITH INDUCED 1>RAFT 

ON MARINE BOILERS. 

The following results of tests made with the Korting burner, usin{2f 
the oil fuel sprayed b}^ a mechanical means, appear to have been con- 
ducted with great accuracy, and the results are such as to l>e ivorthy 
of careful analysis. 

The Wallsend Slipway and Engineering Company (Limited) have 
been most successful in the application of liquid fuel as a means of 
generating steam in marine boilers. The method of ])urning' liquid 
fuel adopted by them is the Korting system. 

The boiler on which the system was shown at work is of the ordi- 
nary marine type designed for forced draft. It is 12 feet 6 inches 
in diameter hy 1 1 feet ^ inch long, with two large furnace.s 8 feet 7 
inches in diameter. The tube.s«are 2i inches in diameter and titteil with 
retaixlers. The })oiler was completely inclosed with an air-tig'ht 
house, so as to show the system working under lx>th natural and 
forced-draft conditions. By leaving the doors open the burners were 
first worked under natural draft. The stokehold was then clo^ied and 
the fan started, when it was shown that the system can Ix* worked 
with almost any degree of air pressure. Starting with a very low 
pressure, it was increased until 4:i inches was recorded on the 
gauge. On a i)revious trial it was found that with the l>oiler as 
designed it was not desirable to go to a higher presstire of air, as 
the heating surface was not sufficient to absorb the heat generated. 

With greater pressure and larger tul)es, however, a nuich higher 
rate of com])ustion could be obtained. Throughout the trial no smoke 
wa.s visible at the chimney, showing that combustion was perfect- 

COMPAKIKON OK <>IL-BrRNIX(i TRIALH WITH THE KORTIXG PATENT Bl'KNER AXI> 1M»AL- 

BlRNINi; TRIAL OX MARINE-TYPE BOILER. 

Parti(!ulars of boiler with which trials were carried out: Mean diam- 
eter, 12 feet 6 int^hes; mean length, 11 feet; number of furnaces, 2; 
inside diameter of furnaces, 3 feet 7 inches: number of tubes* 262; exter- 
nal diameter of tubes, 2i inches; total heating surface, lj>95 square feet; 
graU^. area under coal, -iO square feet; working pressure, 120 pounds 
per square inch; all tubes fitted with retarders. 



1 ■ 



KORTING BURNERS COMPARED WITH COAL. 
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Coal trial. 



6 

113 

55 



7,558 



Duration of trial hours. . 

Average steam pressure pounds. . 

Average temperature of feed water ° F.. 

Pressure of oil at burners pounds. . 

Temperature of oil at burners ° F. . 

Quantity of water evaporated i)er hour pounds. . 

Quantity oil burne<l per hour do 

Quantity coal burned per hour do 

Water evai)orated per pound of oil (actual) do 

Water evaporated per i)ound coal do 

Water evaporated per pound oil from and at 212° F .do 

Water evaporated per j>ound coal from and at 212° F . do 9. 31 

Quantity of water evaporated per hour from and at 

212° F pounds.. 9,060 

Total quantity ash do 283 



974.3 



Natural 
draft (oil 
fuel ) trial. 



5 

115 

80 

75 

240 

7,756 

633.4 



12.24 



'.76 



Oil fuel 
(stoke- 
hold air 
pressure 
li inches). 



4 
105 
107 
140 
110 
14,051 
1,222 



12.23 




Note.— Class of fuel, coal trial, best Miokley picked; natural draft (oil fuel), Texas oil: oil fuel 
(stokehold air pressure, U inches). Texas oil. 

To show the excellent results which have been obtained with the 
Korting burner, we may add that an evaporative test has been carried 
out, when an evaporation of over 16 pounds of water from and at 212^ 
F. was obtained per pound of oil fuel consumed. 

The following results are obtained by the Korting burner in con- 
junction with induced draft: 

Particulars of boiler with which trials were carried out: Mean diam- 
eter, 12 feet; mean length, 11 feet; number of furnaces, 2; inside 
diameter, 8 feet 9 inches; total heating surface, 1,20() square feet; 
external diameter of tubes, 3i inches. All the tubes, except the two 
bottom rows, were fitted with retarders. 

Duration of trial 6 hours. 

Class of fuel Texas oil. 

Average steam pressure ( gauge ) 140 pounds. 

Average temperature feed water 58° F. 

Vacuum at fan IJ inches. 

Vacuum at furnace door f inch. 

Vacuum at ashjat <l<>or _ f inch. 

Tern j)erature of air entering furnace ( left) 260° F. 

Temperature of air ent<»ring furnace ( right) 290° F. 

Temperature of gases at fan suction 465° F. 

Pressure of oil at burners 105 pounds. 

Temperature of oil at burners 162° F. 

Total (luantity <>f water evaporated 65,500 pounds. 

Water evaiK>rated per hour 10,917 pounds. 

Total quantity of oil consumed 4,920 p>ounds. 

Oil consumed per hour 820 pounds. 

Water evaporate<l per pound of oil ( actual) 13.31 p>ounds. 

Water evaporated per pound of oil (from and at 212° F. ) 16.13 pounds. 

Water evaporated per hour ( from and at 21 2° F. ) . . 13,231 pounds. 

Revolutions of fan per minute 260. 
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CLiASSIFICATTOX OF OIL JJUHXERS. 

There are on tile in the Ignited States, British, and Continental 
patent otfices several thousand desig-ns of oil-fuel burners. These 
records show that men of almost every vocation and profession con- 
sider themselves competent to design such oil-fuel appliances. The 
condition of affairs in this respect has been expressed bv one writer 
as follows: 

Tilt' oil-fuel hiinier has fumishecl almost a8 niudi work for the Patent Office as the 
car coupler. an<l at the present time very few, if any, of these patents are <les:>rne<l 
in acconiance with the fundamental principles that«)houId govern the construction 
of such devices. 

While the belief is general that these various patents differ in prin- 
ciple, an investigation of their design and construction shows that all 
can })e grouped into a few primary classes. By combining features of 
each of the groups and by effecting simple^ changes in details of special 
tj'pes it has been made possible to patent thousjinds of designs. It 
was only Ix^cause the price of oil had increased on the Atlantic coast 
to almost a prohibitive price for its commc^rcial and maritime use as a 
fuel during the past few years that hundreds of additional patents 
were not taken out. 

It was but a few weeks after the oil tests began before the Bureau 
of Steam Engineering was recjuested by many inventors to test their 
special appliances. The attention of individual members of the l)oard 
was also called to the merits of numerous designs of burners. It then 
became evident that unless it were possible to classify the burners 
and test only representjitiv«» types of each group the experiments 
would extend for an indefinite period. A general examination of the 
patents taken out clearly showed that the important elementary prin- 
ciples governing the designs of everv satisfactory oil Imrner are com- 
paratively simple and few, and that the most efficient burner for any 
purpose is, in general, the simplest piece of mechanism, usinjr the 
least amount of steam or air for atcmiizing pur]:x)ses. 

The various schemes for superheating the atomizing agent or for 
converting the oil into a gas before leaving the burner are of doubt- 
ful value. One ha.s only to consider the amount of air requisite to 
secure complete combustion to realize the improbability of accom- 
plishing this puipose within the burner itself. The development of 
the successful oil burner has thus been in the direction of cheapness 
and simplicity. Extended experinnMits, as well as careful research 
and calculation, have shown the imi^erative necessity of providing for 
33S 
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proper sizes of oritices, and thus, simple as the oil burners may appear 
to be, the best of them represent in their <leveh)pment yea!*s of 
extended study, investigation, and practical experience. 

The ordinary user of licjuid fuel should avoid the purchase and 
installation of any type of burner whose capabilities are advertised as 
extending beyond atomizing and supplying the oil uniformly and con- 
tinuously. No Imrner should be used which has not been designed 
and manufactured })v Hrms who have had experience in the work. 
The experienced and successful manufacturers of oil-fuel appliances 
make but few claims for their special burners. These experts recog- 
nize the fact that it is good workmanship, high (juality of material, 
and extended experience in the general installation of oil-fuel appli- 
ances that are the determining factors in its successful use. 

The actual form of the burner, inde|)endent of the general installa- 
tion, will have but little influence in determining either the economical 
efticiency, the evaponitive capacity, or the uniform burning of liquid 
fuel. For some purposes the single form of *'Y-' burner, where the 
fuel enters through one branih and the spi*aying or atomizing medium 
enters through the other branch of the angle, might be found answer- 
able. In every form of efficient burner, however, it is imperative 
that there be fitted valves of such design that a uniform and small 
supply of oil be admitted and that the pressure of the spraying 
medium be absolutelv under control. 

In selecting the desirable form of burner for practically any pur- 
pose the essentials demanded are: A design caimble of easy installa- 
tion and operation, and a form of construction that will permit the 
rapid examination and (juick renewal of parts. From various causes 
it will be found practically impossible to prevent foreign substances 
occasionally choking the burners, even though the liquid fuel before 
reaching the burners is heated and made to pass through a series of 
strainers. Any form of burner which does not permit rapid examina- 
tion and clearing out of all foreign substances is unfitted for marine use. 

The board found that there (»xisted upon the part of every ex]>ert a 
tendency to install too few burners. As the clogging of these burners 
will occasionally occur, the only means of subjecting the boilers to 
uniform conditions is to have an installation of reserve burners, so that 
the extra ones could be ([uickly thrown into use. When it is consid- 
ered that the cost of installing a few extra burners is trifling as com- 
pared with the total cost of an oil-fuel installation, there should be no 
hesitancy in providing a sufficient numlxM' of burners, for a reserve 
appliance may secure a more uniform evai)orative efficiency, as well 
as a greater output, and will help overcome some of the serious objec- 
tions that have been experienced in the use of liquid fuel. 

One of the special advantages claimed for the use of liquid fuel, 
that the work of the fireroom force is not onlv lessened but made less 
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onerous, will only be realized by an installation wherein there is a 
reserve of burners. All the burners should be so installed that their 
flame should point somewhere near the center of the furnace, and 
special care should be taken that the oil product is not injected directly 
upon a heating surface. 

The following grouping or classification of burners shows how simple 
are the guiding principles of construction of the thousands of forms 
that have been patented. The sketches show the salient differences of 
design, and should recjuire but littU* explanatory text. 

Burnr/'s, — There are two methods of ])urning oil which are men- 
tioned in this report, and which the ])oard considered it not advisable 
to investigate, for the re^ison that either of the methods required use 
of purified oil rather than crude oil or pi^troleum. One of these is 
the method of open pans, hearths, drips, cups, etc., while the other is 
a gas furnace in which oil is first reduced to gas and then burned. 

The use of crude oil or petroleum in either of these arrangements 
of apparatus, while possible for a short length of time, is not satisfac- 
tory as a continuous working method of forming combustion, and 
therefore can not hv regarded as efficient or practical. The reason 
for this ineffectiveness is due to the fact that all crude oil contains a 
heavv, solid base, or hvdrocarbon residuum. In the case of the Penn- 
sylvania oils a heavy paraffin constitutes the base, while in the Cali- 
fornia oils the base consists of heavy asphalt. Oils of other locali- 
ties have varying quantities of either or both bases. Any burner or 
method which deposits these heavy bases is sure to become clogged 
and choked. As the separation of the hydrocarbons from the bases 
often take^ place at temperatures sometimes as low as 130^, it is 
readily seen that any heating of oil in pipes, pans, retorts, etc., by the 
action of the flame, or by indirect radiation whereby this temperature 
is exceetied, is sure to produce a choking or clogging of the apparatus. 

Although these heavy hydrocarbons are of themselves good combus- 
tibles, yet if not supplied with a sharp air current while in combustion 
full burning can iH)t ])e effected, and a remaining hard, clinker-like 
coke is left !>ehind, a substance difficult to remove except by outside 
mechanical interference. Any boilers or furnaces equipped with 
apparatus of this kind, the board readily foresaw, would lead to diffi- 
culties and needless experimentation. 

To classify properly the remaining types of burners into distinct 
groups it was deemed desirable that the multitudinous numbers and 
varieties of design should l)e arranged, cither in accordance with some 
ruling form of construction or by reason of requirements of operation. 
After a careful analysis of various types, it w^as observed that five 
general classes wouKl cov(»r practically all of the main features of con- 
struction, and from these five classes various moditications could be 
made. 
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Fig. 5.H. — Oil burner ilassiflcation. 
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These five classes of oil hurncM's may be tlms ^roiii)ed: 

I. Droolinj^ biirncM*. 

II. Atomizer burner. 

III. Chamber burner. 

IV. Injector burner. 

V. Projector burner. 

These five classes are shown by, dia^nim, i\^, 58, in which each 
burner is pared down to its very simplest elements of construction, 
leaving out all umiecessarv features of manufacture or detail which 
mi<ifht be reganled as merely acc(\ssorv. 
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DrcxiliiiK burner. 



VUi. 59. 



I. Drool} tk(j hnnur, —'X\\i^ name selected for this burner, while per- 
haps unusual, best (expresses its function as seen from the diajjfram; 
the oil simply oozes out, or properly "drools" out, at the orifice over 
and on to the steam jet. In this case the drooling oil is simply carried 
away on a jet of flaring steam. TIk* action is supposed to be as fol- 
lows: As the steam issues forth it expands within the layer or film of 
oil which is being carried into the air of the fin* box. It may 1)6 
thought that this rather rough methcxl of effecting vaix)rization would 
hardly })e possible or satisfactory; yet as large numbers of these 
burners have been and are in actual use, they can not be regaixled as 
crude or unsatisfactorv. 
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T r Atomizer burner. 
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II. The Atom hit' hnrhi r, — In this burner the oil is brought through 
an orifice from which it is swept off by a brush of steam or air. It is, 
in short, a principle made use of in an ordinary cologne spniyer. 
This form of spraying or atomizing is a very old invention, and it« 
capabilities for spniying into a fine mist have long been appreciated. 
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Chamber 
burner. 



Fni. (Jl. 



IIP. (%iinhi'r lnnnri\ —In this burner the oil and steam are more or 
less mingled within the* IkkIv of the burner and pass out from the tip 
or nozzle as a mixture, and then, owing to the expansion of the steam, 
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the oil is rapidly broken into minute particles. Burners of this type 
are simple in construction and have been carried through a large range 
of design. 

IV. Injector hunter. — Burners of this type are analogous to the 
injector often used for boiler feeding and similar puiposes. Here the 
steam and oil rising, each through its own passage, mingle within 
cone-shaped passages, and as a mixture passes through a contracted 
nozzle, and then outward through a reversed flaring cone. Burners 
designed on these lines have the principle common to injectors in 
general, that they can draw or suck the oil to them and force the mix- 




Injecior 
burner. 



Fkj. 6J. 

ture of steam and oil outward at considerable velocitv. Burners of 
this tvpc hav(* been in use for fortv vears or more on th<^ railroads of 
Russia and have become* with that nation what might be regarded as a 
standard type. 

V. Projector hur/tcr.s, — In burners of this type the oil is pum])e(i to 
the oil orifice and from there is caught by a passing gust of steam and 
blown off. This might be regarded as a subclassification of No. II, 
the atomizer burner, except for the fact that the brush of steam is 
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I*roject<»r burner. 



Fni. 63. 

located some distance from the oil orifice, and this sweeping brush of 
steam, as usually constructed, is arranged to entrain a certain amount 
of air further to aid in spraying and in combustion. 

STRUCTIKAL FORMS OF THE DROOLING BURNEK. 

The tips of each of these burners in each class can be s|x^cialh' modi- 
fied, and will be later on treated under the subject of the forms of 
orificial spraying. 

These five basic classes of burners will develop mechanically into 
certain structural forms, which structural or mechanical forms can 
likew^ise be arranged in four or five consecutive and related groups. 
The methods by which the various constructions have been developed 
from each class can V)e shown in the following diagrams: These forms. 



344 NAVAL "liquid fuel" bepobt. 



Baiilc KCIlou of diDoUDg buinei. 




Stnlght ibot bumen. 







! Fan-(ailed buraen. 



KoM burner*. 



PopBlble mocllHfalioiis "f ihc rtroi.llne bi 



CLASSIFICATION OF OIL BUENEB8. 



»4S 



in turn, amy be aubdivided into groups, due to changes in details or 
to further refinements. By changing the pressure of the atomizing 
medium or by some slight variation of construction a long or short 
flame may be produced, and such character of the flame may be of 
special advantage for jmrticular purposes. For certain manufacturing 
purposes or for the melting of refractory metals the flame required 
may be quite different from that requisite for purposes of combustion, 
and therefore simple modifications in the form of tlie burner may be 
productive of far-reaching results. 

As a possible study of the modifications of the drooling burner, 
reference is made to fig. 04. The first sketch shows the iMisic form of 
the drooling burner. This Mubdivides into four special classes desig- 
nated as A, B, C, and D. 




In form A is shown the drooling burner made in its simplest possi- 
ble form, the upper view showing sitiiply two drilled holes, the larger 
for oil and the smaller for steam, while the lower view shows two 
pipes in ii double T elljow, the larger pipe being for oil and tlie smaller 



for steam. Burners have often been made in this exceedingly ele- 
mentary form, and will give results without any further recourse to 
mechanism. For convenience we will term this subdivision A, as 
" straight shot burners,'' due to the fact that the flame formed will 
have considenible length. 

In form ]i the liasic section of the drooling burner is developed into 
a class which gives two long slots. In this form a large number of 
burners ha\'e been constructed, and in another ]»art of this report 
results of tests are given on the Santa Fe burner, which has l;een 
largely used on a railroad of that name. In this simple form of a 
box-shaped casting these burners have gained a wide use, especially 
for railroad work. The construction is of course crude, but the results 
32196—04^—2:! 
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from a. practicul standpoint have been quite satisfactory, due to the fact 
that there are iiu complicated parts, and it is almo^it impossible to choke 
up any of the openings even with quite a dirty oil. Where burners 
are required to use a very heavy oil or residuum, or even a tar, these 
burners will always operate. This form B, which, for convenience, 
has been termed the long-slot buruer, can be developed into the addi- 
tional form C, or a fnn-tailed burner. 

In form there are two burners which can be devised. The first 
form, in which the fun-tailed effect spreads through but a small arc of 



^3 




a cinle, and the second form, in which the fan-tailed effect is extended 
so us to cover the arc of the entire circle. The first form will cover 
a large iimount of surface in a wide or square fire box, while with the 
second fonn the l>urner can btt placed in the center of a grate and the 




llamc will extend outward in the form of a continuous sheet and cover 
Ihr t'utirti fire box or grate area, such uses bein^ desirable, for exam- 
ple, in tin* fin« Imx of vertical boilers, such as fire engines, cte. 

Tliv last form or modification, or form D, can be de%'eloped from the 
IuihIo Mvtiou of this drooling burner by conceiving that the section is 
I'tivolviM) amtind an axis parallel with the burner axis. By revolving 
|ltt> qtKiiim around an axis on the steam side there will be derived a 
but'iiiM' (if the otylo shown in the upper part of the pair of form D, or 
liy niyuhliit; tlio iMsio section around an axis near the oil side we get 
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BaM^ form of the atomizer burner^ 




A Straight shot bumere. 
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Rose burners. 



Fig. «9.— Tossiblo nuKlittcations of the atomizer burner. 
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a form of burner shown as the lower one. Either of these two burners, 
while apparently very different in form from the basic section, yet are 
nothing more or less than a development of the original type. Burners 
of this style should p/obabh" only be used where very heavy consump- 
tion of oil is required. In heavy metallurgical operations, brick kilns, 
and where a large volume of flame is desired such burners have a 
wide field of usefulness. 

l^OSSIBLE MODIFICATIONS OF (^LASS II, ATOMIZER BURNERS. 

These forms are as shown in fig. 69. At the top is shown the basic 
form of the atomizer burner. Then under form A, "straight-shot 
burners," are shown two modifications, one formed by round openings 
in a small cylindrical casting, while the other is formed of a double 




Basic form of atomizer burner. 



A Straight shot burners. 



Fio. 70. 

T elbow containing two pieces of pipe, one for oil and one for steam, 
the end of the oil pipe being hooked over, as shown. The latter con- 
struction will be at once recognized as the very earliest form of atom- 
izer. Its simplicity and effectiveness as a spraying agent can hardly 
be questioned. A position of tips can also be arranged so that a cer- 
tain amount of siphonage can be secured in the oil pipe, although this 
is a function not to be at all relied upon. 




^ii^^^g^B- 



>ng tilot burner. 



Fig, 71. 



Form B shows the same basic section of atomizer expanded sideways 
to form the ^'long-slot burner." This style of burner is also made 
use of very largeh' in locomotive work on account of its great advan- 
tages of wide and open passages which do not readily clog up, and 
consequently need but little attention. 
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Form C shows two designs, also dtM-ivable from the previous form 
and the basic section, the upper of the two showing a fan-tailed eflfect 
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FHii-tailed burners. 



Fi«. 72. 



through a portion of an arc of fliunc' and the other a flame distributed 
around the whole circle - the latter style of probable service when 
placed in the center of gnites of vertical boilers. 





• I \ Rose bnnien*. 
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Form D, rose V)urners, shows the liasic section revolved al)out an 
axis either on the oil side or the steam side. In the tirst case, while 
securing a satisfactory atomization of oil, there would be obtained 
the effect of more or less of a straight-shot burner, while the latter 
form of rose burner would afford more of a flaring effect. 
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POSSIBLE MODIFICATIONS OF CIJISS III, CHAMBER BURNERS. 

These forms are shown in fig. 74:. At the top is represented the 
basic form of the chamber burner. Then under form A is shown the 
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BaHic section of the chamber 
burner. 





Fio. 7.'>. 



A Straight shot burner. 



simplest modifications formed ))y round openings in a small cylindrical 
casting. Here the oil and steam, each coming from their proper side 
of the burner, mingle in the end chamber of the burner and are ejected 
outward from the round orifice. It will also be observed that with 
this form of Inirner no siphonage is possi})le, and, in fact, if the 
orifices are not properly proportioned the pressure of steam may drive 
the oil backward to the pump. 




Long slot burner. 



Form B shows the same basic section of the chamber burner 
expanded sideways to form the long slot burner. As thus constructed, 
this style of })urner is made use of very largely in locomotive work, 
on account of the advantages of large passages, which do not readily 
clog up, and consequently the attention demanded by the locomotiv^e 
fireman is a minimum. 

Form C shows two designs also derivable from the previous one 
and from the basic section. The upper burner of the two indicates a 
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fan-tailed burner forming a spread of flame through a portion of an 
arc of a circle, and the other burner produces a flame distributed in 




C '•»■"' 



a fan or ro»c shape around the whole cirilo. The latt«r style would 
be of service when placed in the center of grates of vortical Iwilers. 

Form n, rose burners, shuwa the basic section revolved abont an 
axis, thus forming a Immer iwisp-jsinff an annular orifice affording a 




burner of very large spraying capacity, which, as with other types of 
burners of this rose form, are specially F^tittable for furnaces of large 
capacity or useful in smelting operations. 
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Fio. 79. — Possible modifications of the injector burner. 
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POSSIBLE MODIFICATIONS OF CLASS IV, INJECTOR BURNERS. 

These forms are as shown in fig. 79. At the top is represented the 
basic form of the injector burner. Then under form A is shown the 
simplest structural arrangement which can be devised, which consists, 
essentially, of a nozzle placed behind another tapering nozzle or 
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Basic Heotion of the injfotor burner. 





A Straight 8hot burner. 
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throated opening. This is essentially a crude design of an\^ steam 
injector, and, like all injectors, has the property of sucking a fluid to 
it under the operation of the rapidly passing steam or gas through 
either of the nozzles. In form A, as shown, the openings are, as 
usiiallv made, of a circular cross section. 
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JJ Longs 



slot burner. 



Fig. 81. 



Form B represents again the same basic section of the injector, but 
the orifices are extended sideways to form a slot-shaped opening. By 
this means its capacity as a burner or injector is greatly enhanced. 
Where it is desirable to use one large burner instead of the number 
of small ones, this form of slotted injector will give the required 
capacity. 
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Fio. 82. 



In form C is shown again the injector burner designed with its 
mouth or slotted opening in a flaring shape, thus greath' increasing 
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the horizontal distribution of the resulting jet of spray. By this 
means is thus secured a fan-shaped flame. This fan-tailed eflfect can 
be increased so as to extend through a complete circle, and this will 
result from the burner being conceived to be revolved about a vertical 
axis, as shown in the lower portion of the figures of form C. This 
mushroom-shaped burner would probabh' prove available for installa- 
tion in the center of large square or round fire boxes of vertical boilers. 
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Rose burners. 
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Form D represents again the injector burner, but the basic form is 
this time conceived to be revolved about an axis pai'allel with its center 
line. The resulting design will afford a burner of very laFge capacity, 
suited onl}^ for heavy smelting operations. 

Types of injector burners of various styles came into very earlj^ use 
in the art of oil burning and still remain a standard device in many 
large installations. Many of these have been in use for thirty or 
forty years alone in the regions of the Russian oil fields, and are still 
mainly employed on the oil-burning railroads of southern Russia and 
the Caspian region. The type of injector burner is often called the 
Urquhart burner, as Mr. Urquhart, now superintendent of motive 
p^wer of the Trans-Siberian Railway, was the first to make its design 
successful and to keep it constantly in use as a successful locomotive 
appliance. 

In fig. 84 is shown a form of Urquhart injector burner designed by 
Dr. C. B. Dudley, superintendent of tests of the Pennsylvania Rail- 
way, on his return from Europe, where he had been sent by his rail- 
road to investigate the use of oil on Russian locomotives. The design 
as shown in the figure represents essentiall}' the full Urquhart details, 
except that certain facilities in the way of gearing were added to give 
a delicate adjustment to the position of the coned nozzles. It was 
understood that these burners were successful on the Pennsvlvania 
Railway, but the price of oil being so great in comparison with coal, 
the employment of oil as a locomotive fuel became prohibitive from 
financial reasons alone. 

In fig. 85 is shown another and simpler form of injector burner 
which was designed by the Herreshoff Manufacturing Company, of 
Providence, R. I., for use under the boilers of the U. S. torpedo lx)ats 
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Talbot and Gwin, in experimental work these burners gave consid- 
erable satisfaction. 

In fig. 86 is shown a Russian locomotive burner (Ourgard) which 
is at present largely used for the service of locomotives in that country. 
Its refinement over "previous burners is simply due to the fact that 
there is a little more quickness of action in closing or opening the oil 
supply by movements of the inner nozzle. 

Before dismissing the subject of injector burners it should be said 
that although they have the great advantage of supplying a suction 
power, both for drawing in their oil or to draw in an air blast, which 
tends to increase their efficiency, yet it must be said that, in addition, 
they have the one great serious fault that they are the most noisy 
burners made. To install them in stationary plants or in enclosed 
firerooms is almost out of the question, as the noise and roar which 
they create is continuous, deafening, and distressing, and few firemen 
can be found who are w illing to stand regular watch in such continued 
racket. In locomotive work, as the burners are located, usually, out- 
side of the cab, and as the locomotive makes a thousand other noises in 
addition to the burners, a little supplementary noise is apparently 
absorbed in the general clatter. 

Again, most of these burners being designed on the lines of the 
expanding nozzle, cause, in themselves, a great increase in velocity of 
the outgoing jet, with the result that the flame is usually one of great 
force and very long in extent, in proportion to the burner. The long 
flames might be desirable in the long furnaces of certain land boilers, 
but where used in the contracted fire boxes of marine and locomotive 
boilers the furnace design requires very serious attention, to permit of 
the proper upkeep of the brickwork, arches, and bafiling. 

ORIFICIAL SPRAYING. 

The classes of burners previoush' shown were the fundamental 
skeletons on which actual burners are constructed. Most of these 
burners can be further modified by special design of their tips or 
orifices, thus leading to still greater variety and often to greater 
improvement in their spra\ang (lualities. These modifications of tips 
have been reduced to a series of classes which should be independent, 
as near as may be, of the other possible mechanical arrangements of 
the burners. As a study for the various methods of orificial spraying, 
the following styles of tips were considered, as shown in fig. 87, and 
under any form of these tips it is found that any type of oil burner 
could be classed. 

Form I: The design of the tip is in itself a matter of much moment, 
as the configuration of the tip edges has a very important physical 
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I. 

Spraying 
fromaflharp 
edge. 

II. 

Spraying 
from asharp 
edge assist- 
ed byaeone. 

III. 

Spraying 
from asharp 
edge aided 
by an um- 
brella cone. 

IV. 

Spraying 
aided by 
centrifugal 
action from 
an internal 
»crew. 

V. 

Spraying 
by centrifu- 
gal action 
by tangen- 
tial inward 
delivery. 

VI. 

Spraying 
by ball noz- 
zle. 



VII. 

Spraying 
by peppei^ 
box nozzle 



Flu. 87. — Oriflciul Mpruyiug. Forma of tips by meaua of which spraying may be effected. 
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effect on the formation of the spray, and whether the material which 
it is intended to spray is forced through by steam, compressed air, or 
even by the effect of its own pressure supplied by a pump, the edge 
over which the spray last passes has a determining effect on the state 
of subdivision of the spray. In form I is represented an ordinary 
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Fig. 88. 



T Spraylns: from a sharp ed^e. 



nozzle with a sharpened edge at the point of exit. If a proper angle 
is selected for this edge, and the edge itself is well sharpened, the out- 
going stream instead of passing out in a straight line, as from a hose 
nozzle, is caused to diverge, and if divergence ensues, of course there 
follows an expansion in the volume of the outgoing liquid which 
causes a condition of more or less subdivision of the particles of the 
fluid. 
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Spraying from a Rharp edge assisted by a 
•one. 
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In form II is shown a design of orifice in which this effect is height- 
ened by introducing a cone in the center of the conical orifice. The 
ph^^sical reason why this increased divergence is secured is due to the 
fact that the cone takes the place of any streams of oil which in the 
first case had the tendency to travel in the straight lines of the solid 
core of fluid. All the lines of fluid traveling down the cone surface 
meet in collision at the edge and tip of the cone and rapidl}' expand 
owing to the pressure which was behind them. 
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Spraying 
from a sharp 
edge aided by 
an umbrella 
cone. 



In form HI there is again indicated the same t^'pe of sharpened 
cone-shaped orifice, })ut outside of this is placed a diverging cone 
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upon which the outgoing spra}' strikes and receives a greater amount 
of divergence than the orifice edges would alone have produced. 
This diverging cone is usually placed with its stem extending within 
the orifice, although at the right of the diagram is shown a case where 
the diverging cone is supported from the outside. The amount of 
divergence effected b}" this cone can be controlled to any extent by 
the position or shape of the diverging surface of the cone. 




SprayinK aided by centrifugal action from inter- 
nal HtTew. 



Fig. 91. 

In form IV there is shown an orifice similar to form I, but increased 
divergence of the cone of spray is obtained bj' circulating the fluid in 
a rotary manner before issuing from the sharpened orifice, the phys- 
ical result of which is that as soon as the fluid leaves the orifice the 
effect of centrifugal action is manifested to fling the oil tangentially 
outwai"d to some distance. In the diagram, as shown, this centrifugal 
eflfect is obtained by passing the fluid through spiral passages. 

Section through x y. 





V 



Spraying by cen- 
trifugal actoln by 
tangential inward de. 
livery. 



Fig. 9-:. 



Form V represents the original style of orifice, but the casing is so 
sliaped as to obtain the rotational effect of the previous tip by admit- 
ting the fluid tangentially to the interior of the chamber. The effect 
on the resulting cone or spray is the same as in the previous example. 




\^ T spraying by ball nozslc. 



Fig. 93. 



Form VI: The typo of nozzle is changed by inserting a ball in the 
outgoing current of spray, thus mechanically breaking up the action 
by requiring the spray to strike the ball, this being nothing more or 
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less than the old familiar type of the dancing ball, long made familiar 
in water nozzles and pneumatic nozzles as a curiosity. Its etfective- 
ness as a spraying agent is probabh^ no greater or as great as a well- 
designed and proportioned orifice of form III. 




V TT SP^^y^"^ '^y pepper-box nozzle. 



Fig. 94. 



Form VII represents a class widely different from any of the pre- 
ceding, which for lack of any other properly designative term might 
be called the "pepper-box nozzle.'- Its effectiveness for a certain 
class of burners may be made very great, but it always suffers under 
the great disadvantage of a multitude of small holes, which are exceed- 
ingly liable to become choked up by foreign matter or by the hydro- 
carbons formed at the tip of a burner while in action. 



NONHITCCESS OF APPARATUS DEPENDING ON GASIFICA- 
TION OF OIL.. 

The impossibility of successfully operating burners designed on the 
principle of superheating the oil to a point bordering on gasification 
has been both theoretically and practically demonstrated. The con- 
clusions as expressed by Engineer in Chief Isherwood in regard to 
the liquid-fuel experiments conducted over thirt}' years ago by a 
board of naval engineers as to the impossibility of converting liquid 
fuel into a gas within the burner itself hold as true now, in the light 
of later experiment and practice, as they were then. In regard to such 
burners Commodore Isherwood thus reported: 

The experiment in question embrace those made with Colonel Foote's apparatus 
at the Charlestown Navy-Yard, and those made with other apparatus on different 
boilers in the New York Navy- Yard, all of them, I l)elieve, of considerable value, 
but never reported in full, with the exception of one made about ten years ago and 
which is now on the files of the Bureau of Steam Engineering. In every case the 
patentees abandoned the trials before they were completed, owing to the failure of 
their apparatus. 

The liquid oil ha8, in all cases, to be transformed into oil gas before it can be 
burned. This transformation can be made by the direct application externally of 
heat to the liquid, but the temi>erature of the oil on the vajwrizing surface is higher 
than the temperature required to decomp(jse it, the result being deposition of solid 
carlx)n in the form of coke, which soon fills the vaporizing vessels and renders them 
useless. This coke is frequently so hard that cold chisels can scarcely detach it, and 
if thrown into a fire even in small fragments it bums with excessive slowness, like 
graphite. Whenever the vajwrizing vessel is subjected to a high temperature, like 
that of a boiler furnace, Uie decomposition of the oil and decomposition of coke go 
rapidly on, so that in the course of a few hours any vessel of practicable size is filled 
by it. All apparatus exposed to anything like furnace or flame temperature will 
inevitably fail from these causes in the future, as they have in the past. To make 
trials with such devices will merely serve to confirm this fact. The smaller the 
vaporization vessel and the higher the temperature to which it is exposed the more 
quickly will it fail. 

A very large variety of api)aratus has been invented, embodying substantially this 
principle or mode of direct valorization of the oil, the only difference being unimpor- 
tant variations of detail to render the inventions patentable, and in all cases the 
vaporizing vessel ha.*» been necessarily small in order that the pressure heat ooald 
be employed in the oil vaporization, and the highest i>ossible temperature was used 
in order that a sutficient quantity of the oil might be vaporized in a given time. 
None of the api^ratus when pushed to the maximum will last more than half a 
dozen hours. 

It is quite possible, however, to vaporize the oil by the indirect application of heat 
by means of steam or water intervention, so that the temperature of the vaporizing 
surfaces will be l)elow the temi)erature of decomposition of the oil. This would be 
manufacturing oil gas in a costly manner, and the gas could afterwards be burned in 
jets in a furnace like illuminating gas, but it would not be "burning petroleum," or 
any oil, in the proi)er sense. The valorizing apparatus to produce the requisite 
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quantity of gas per hour for any considerable power would have to be enormtously 
bulky, heavy, and expensive — in fact, a complete gas-making [>lant itself; and I do 
not believe after the gas is obtained that a sufficient quantity of it could be consumed 
per hour by any practicable arrangement of jets in a furnace to produce as much 
heat as could be obtained from coal burned at the maximum in the same furnace. 

TAe only method that has been attended with any success is that of '* atomizing'' 
or spraying the oil, by means of steam under sufficient pressure for the purpose, used 
in an injector, placed outside the furnace so as not to receive the high temperature 
of combustion. The oil in fine spray, excessively comminuted, is thus squirted into 
the furnace, where it is decomposed at large and its constituents separately consumed. 
An ordinary Giffard injector is employed, and the smaller its nozzle the better it 
works. Even in this case, however, the injector will fill with coke after a consider- 
able time and requires to be unscrewed from its pipe and cleaned out, another being 
substituted meanwhile. In this manner oil fuel can be satisfactorily burned. All 
other methods have failed. 



NECESSITY OF OFFICIAIiliY INSTAIiJLTXG Al^Ii AUXIIXARY 

APPIilANCES. 

Strainers, — The majority of the crude oils having been obtained 
from wells driven into the earth, of necessity carry in the body of 
the oil, more or less intimately mixed, certain small proportions of 
water, as well as more or less sand or grit. The heavier and more 
viscous the oil, the greater the tendency there is to hold in suspension 
these deleterious substances. Large proportions of these foreign 
matters separate out while the oil is stored in the producers' tanks, 
but when the oil is hurried to a market the dealers are not always as 
careful as they might be to extmct these harmful substances. 

In general it can be assumed that no crude oil is perfectly clean. 
Therefore in the installation of any oil-burning plant special pro- 
vision should be made for straining out all sand and foreign matter. 
Arrangements should always be provided for catching the water as it 
slowlv settles to the })ottom of the tanks or bunkers. 

The effect of sand in oil increases the wear on the small annular 
nozzles of the oil burner, or, when using burners provided with 
specially small orifices, these openings may become altogether clogged. 

Various types of strainers for oil have been devised, some of which 
are simply formed by the insertion of a blind, wire-gauze gasket in 
the joints of the oil pipe. This device, while having the merit of 
simplicity, yet proves as a working method to be unsuitable, owing to 
the long time required to unbolt the joints to take the gauze out for 
cleaning. A much more satisfactory plan is to employ appliances 
devised on the lines of strainers used in other classes of marine work, 
such as Macomb strainers, etc. A strainer of this type, as designed 
by the board, is shown in tig. 95. An advantage of this type of con- 
struction is that the wire gauze is placed on the inside of a perforated 
metal basket. This metal basket is of such shape that it can be readily 
removed by giving it a slight twist and releasing it from the lugs 
which hold it in place, and the basket can be then removed through 
the top of the strainer casting, which is titted by a cap, kept in position 
by two handles or ears which are formed on the cap top. As thus 
shown the whole operation of taking out the strainer can be done 
by hand, without recourse to tools or wrenches. The strainer basket, 
once removed, can be replaced by a fresh and clean one. 

The gauze used for oil strainers should not be too open, and should 
be formed of brass wires of probably a width of mesh work equal to 
about half of the width of oil orifice in the burner. 
366 
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Another form of sti-ainer is as represented in fig. 96, which has 
been largely used in the European work undertaken with the Kort- 
injf mechanical burner. As the oil orifice in those burners is only 
about one-sixteenth of an inch in diameter, it is therefore of utmost 
importance that the oil be carefully strained through very tine mesh 
work. In the plan as shown the wire gauze is placed around a per- 
forated cylinder, and the oil is forced from the outside of the cylinder 
through the mesh work, then into the perforated cylinder, and to its 
outlet. This type of strainer is also genei"ally provided with an oil 
warmer, for as we have seen, with very viscous oils it is often desir- 
able to give them a moderate heating in order to increase the fluidity. 
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In this filter- heating device an internal steam jacket is provided 
through which either light pressure live steam or preferably exhaust 
steam from any of the auxiliary pumps can be passed. 

In the placing of these strainers it is not unusual to find a strainer 
placed on the oil pipe on each side of the pump, thus insuring that no 
grit gets into the pump, and that any particles of old jmcking or other 
material from the pump can not go to the burner through the laat 
filter. A still more desirable plan is to have two strainers between the 
pump and the burners, so that when one filter is being opened the 
current of oil can be transferred l»y means of a by -pass valve through 
the other filter. 
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SEPARATION OF WATER. 

There is no practicable device that will directly separate the water 
from the oil. This separation can only be satisfactorily effected by 
allowing the water to settle to the bottom of the tanks by gravity. 
It therefore follows that if the suction to the oil pumps are placed in 
the bottom of the tanks, water will be often drawn when only oil is 
desired. A thread of water blown into the oil burner effectually 
extinguishes the flame in the furnace, and if oil does not soon follow 
the water, there may be difliculty in relighting without introducing 
an outside flame. In order to insure a supply of oil from the tank 
without an admixture of water, devices have been adopted whereby 
the oil-suction pipe is caused to swing up or down in the oil bunker 
to a level at which it is known that pure oil can always be obtained. 

Fig. 97 shows a practicable design used in English tank steamers in 
which this movable oil-suction pipe is carried by a float. The suction 
tip is thus always maintained at a point within a few inches of the top 
of the oil wherever the oil level in the tank may be at the time. It 
will also be seen that the tip of the oil-suction pipe is surrounded by a 
steam heating coil, the object of which is to slightly heat the oil in 
proximity to the inlet, thus increasing the fluidity of the oil, so that 
even in cold weather the oil may be readily pumped. 

At the bottom of each bunker there should always be provided a 
water cock or blow-off for thepui'pose of blowing off any water which 
may be found to have settled in the tank or compartment. 

HEATERS FOR OIL. 

Certain crude oils at the ordinary temperature of the atmosphere are 
of great viscosity, which viscosity increases as the temperature gets 
lower. At 30^ to 40^ F. , which is not an unusual outdoor tempera- 
ture, the fluidity of the oil is so slight that it is almost impossible to 
pump the oil or to force it to the burner. It is therefore necessary 
where fuel oil is to be used in regions which are subjected to severe 
winter temperatures that there should be means for heating the oil so 
that the oil may more readily flow to the pumps. The usual manner 
of accomplishing this is not to attempt to heat the whole tank or 
bunker of oil, but simply to heat the oil immediately surrounding the 
suction pipe to the pumps. This can be easily accomplished by plac- 
ing a coil of a few turns of steam pipe about the suction pipe. This 
method is also shown practically accomplished in the previous fig. 97, 
where this heating coil was attached to the floated pipe. 

In all pipes intended for the transmission of crude oil it is desirable 
that connections should be made to them so that steam can be turned 
into the pipes after shutting off the oil. These pipes can be thus cleaned 
by the heat and the force of the blowing steam, and any deposited 



370 



NAVAL "liquid FPEL"kEPOET. 



Tank Auction Pipe for Oil 





Fio. 97.— Device for taking oil near top of vari ible oil surface; instead of taking oil oat of fixed OQ^ 
let at tank bottom, with resulting possibility of obtaining water Instead of oil. 
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asphalts, paraffins, or condensed hydrocarbons can be cleared out 
before the pipes become choked so as to impair their efficiency. 

The heating of the oil should be always recommended as an aid to 
secure better operation of pumps and burners, but, as shown elsewhere 
in this report, this heating should never be carried to such a degree of 
temperature as will cause decomposition of the hydrocarbons of the 
oil. The degree of temperature at which such decomposition is likely 
to occur has been ascerbiined for the oils of each region. 

FEED TANKS FOR BURNERS. 

Many installations for oil burners use a secondar}^ feed tank between 
the main bunkers and the pump. This tank is designed with the 
intention of holding an easily measured quantity of oil, and the num- 
ber of times it is filled and emptied indicates a convenient method of 
measuring the total number of gallons or barrels used in a stated time. 
This feed tank is often provided with heating coils, and the tempera- 
ture is always kept at a figure just short of the depositing point of the 
hydrocarbons. 

OIL-PRESSURE REGULATORS. 

With most burners it is desirable that a uniform pressure should be 
maintained on the oil circuit to the burner. If it were possible to 
keep the pumps automatically and perfectly regulated, a uniform pres- 
sure could be secured. There are manv devices on the market which 
set out to secure this uniformity of action. Oil-pressure regulators 
similar to those used as regulators on steam mains have been tried, but in 
general have been found to be unsatisfactory, owing to the fact that 
the moving parts become clogged with sand or h3"drocarbon; conse- 
quently the board has found that no so-called oil-pressure regulator 
used as a single device is satisfactory. A reliable plan is to provide 
the oil chamber of the pump with what would correspond to an air 
chamber on the water pump, or to provide a separate tank or chamber 
in which a constant air pressure is maintained on top of the oil by addi- 
tional means. There are a number of designs of apparatus on the 
market wliich contain this feature of an oil air chamber, and corre- 
sponding regulating apparatus, which have given satisfaction. Many 
of these installations contain automatic arrangements whereby the 
change of level of the oil in the chamber effects a control of the steam 
supply to the oil pump, and thus affords an automatic method of con- 
trolling the quantity of the oil supply to the burner system. 

In all oil installations it is very important that the control of the oil 
pump and of the steam to the burner or of the compressed air, where 
air is used, should be so arranged that in case the deliver}^ of any one 
of these fluids is reduced, or interrupted, a corresponding reduction or 
shutting off should be effected in the supply of the other elements. 
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It is especially important that oil should in no case continue to be 
forced or pumped to the burners when the steam or air required for 
spraying is shut off, as in such an event the unsprayed oil is liable to 
flood in upon the hot brickwork and a furnace explosion is sooner or 
later likely to occur. The underwriters' regulations in many cases 
specifically require that in the event of the stoppage of the oil flow 
to the burner all the other functions shall be caused automatically to 
cease. These are precautions dictated by considerations of ordinary 
safety, and various applications of valves and devices are in the market 
whereby these results can be attained. 

OIL-CARGO PUMPS. 

For vessels carrying oil in bulk or for carrying oil in large quanti- 
ties in their own bunkers it will be found desirable to install a special 
pump for the rapid pumping of oil either into or out of the cargo 
holds or ships' bunkers. Most oils, being sluggish in their motions, 
can not be readily handled by the pumps ordinarily used for the 
burners, and pumps of larger capacity are therefore required. 

These cargo pumps will also ]>e called into service while the vessel 
is at sea, for pumping the oil from one bunker or hold to another, in 
order to change the trim of the ship or to keep certain tanks at a 
desired level. 

TANK VENTILATION. 

In the storage of fuel oil on shipboard, it is of the highest impor- 
tance, not only that the most careful attention should be devoted to the 
method and quality of rivetting, to secure oil tightness of bunkers and 
double bottoms, but that great care should be exercised in the design 
of the oil tank ventilation devices. It is well known that all crude 
oil generates more or less vapor of an explosive nature, and this 
vapor being heavier than the air rests upon the top of the oil in tanks 
or bunkers. This vapor can be removed b}^ natural or artificial 
means, but as the formation of the vapor from a tank of oil proceeds 
rather slowlv, it is usuallv found that a svstem of natural ventilation 
can l)e devised so that sufficient of the vaiK)r can be easily removed. 

All viMitilating heads or cowls should proceed as direct as possible 
to weather decks, but should be located not too near the smoke stack. 
In all circumstances the oil ventilating cowls should be fitted with 
tine wire gauze soldered into the cowl opening. This wire gauze 
pennits easy exit of vapor, while preventing an\" back flash into the 
vapor pipe from a stray spark from the main funnel or a light from a 
careless smoker on deck. 

These oil ventilation cowls from their very exposed position are 
often caught by the rush of heavy shipped seas, and salt water is 
likely to pour down into them. Hence it is desirable to goose-neck 
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these cowl pipes a.s is often done on board torpedo boat ventilator 
pipes, or to design a cowl pipe with a light ball float which will close 
under the presence of water in the manner of a check valve. 

AIR COMPRESSORS. 

In marine work it is generally recognized that compressed air should 
be used as a spraying medium rather than steam, in order to prevent 
the loss of fresh water which is entailed by the use of steam as a spray- 
ing medium. In the types of burners generally used the amount of 
compressed air required is considerable, and the sizes of air com- 
pressors installed are such as to constitute quite an addition to the 
mechanical apparatus placed in the engine room. 

By reference to the columns giving the quantity of cubic feet of air 
used for boilers in the tests, as conducted by the experimental board, 
it will be observed that the cubic feet of free air required to effect 
vaporization for a given horsepower or fuel consumption is such that 
the size of the air compressor demanded is considerable. 

The result of these considerations are that for marine purposes when 
vessels are intended for short voyages it will probably be found more 
satisfactory to buy water at the ports of call rather than to use the 
large and cumbersome air compressors required. 

In very small marine installations, such as on tugs, air compressors 
of the Westinghouse air-brake type have often been used, but their 
proportional power consumption of steam is so excessive that their 
use is in no esse to be recommended except where first cost or only 
occasional service is a ruling element. 

Certain classes of Imrners have been operated with air at much 
lower pressures by use of blowers rather than air compressors. For 
marine purposes the results are somewhat more satisfactory, probably, 
than with the compressors, but still the blowers occupy considerable 
room in the engine or boiler rooms, and, as seen from the results of 
tests made by the board, there is somewhat of a question whether as 
satisfactorv a combustion can be obtained with burners under low- 
pressure as with burners operating under high-pressure air. 

When using air either at high or low pressure as a spraying medium 
it is exceedingly desirable that the air l)e superheated before passing 
to the spraying tip, as thereb}" a considerable gain in efliciency can be 
anticipated. 
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Where there is no desire to force the combustion of liquid fuel, the 
simple cylindrical furnace of the Scotch boiler has been found fairly 
suitable, particularly if an extension to the front of the furnace is 
made, so that complete combustion can be effected before the gases 
pass through the tubes. 

With the water-tu>>e boiler the problem becomes a more complicated 
one, at least so far as economy is concerned. Where the gases pass 
through the tubes, as in the case of the Scotch boiler, the resulting 
friction is sufficiently great to cause the gases to be abstracted of suffi- 
cient heat to produce a comparatively low tt>mperature at the base of 
the stack. Where the gases pass around the tubes, as in the case of a 
water-tube boiler, there is but little impeding of the flow, and as a 
result stack temperatures are comparatively high. When burning oil 
in bent-tul)e types of boilers combustion is often only completed near 
the top rather than near the Imse of the stack or funnel. 

The question of baffling of the gases in a water-tube boiler is one of 
supreme importance, for not only does it concern the economic effi- 
ciency but the endurance of the boiler itself. The straight-tube water- 
tube boiler ought, however, to possess special advantage for the burn- 
ing of oil by reason of the fact that it is possible to secure a combus- 
tion chamber of considerable volume, so that complete combustion of 
the fuel can be effected. 

Valuable information in relation to the naval boiler problem could 
have been obtained if the experiments had been continued sufficiently 
long to have experimented with different arrangements of baffling. 
There is but little doubt that it would have been found that the calori- 
meter opening should be decreased in a water-tube boiler where either 
coal or crude petroleum is used as a fuel. It will be observed that in 
some of the experiments where forced draft was used the reduced 
calorimeter opening proved very effective. Throughout the experi- 
ments it was apparent that in many respects the baffling of gases in 
modern water-tulie boilers lias been done without definite svstem, and 
that the relative efficiency and endurance of the various types can only 
be determined bv the installation of a more efficient svstem of bafflini?. 

It must be manifest that the question of water circulation is greatly 
dependent upon the problem of baffling, for unless there is a compar- 
atively uniform heating of the tubes spasmodic circulation in water- 
tul)e lK)ilers of every design is likely to occur. 

The remarkable freedom from bending of the lower row of tubes of 
the experimental boiler wjis undoubtedly due to the presence of the 
horizontal baffle plates placed between the tubes for two-thirds of their 
length. As this baffling reached an incandescent state there .was 
radiation from it to the lower row of tubes when the furnace doors 
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were opened, and thus the tubes themselves were uniformly receiving 
heat either from the gases or from the intervening baffling. The fact 
that the lower row of tubes in the Hohenstein boiler were practically 
immune from a tendency to bend could only be ascribed to the nature 
of the baffling and the excellent character of construction. 

Numerous experts had suggested to the board the necessity of 
giving special consideration to the question of arch construction so 
that there could be an impeding of the flow of the gases, in order that 
combustion could be completely effected within the furnace or amidst 
the tubes. 

The accompanying sketches will show the various forms of brick- 
work that were used in the experimental water tube and the auxiliary 
Scotch boiler. The more experience the board had with arch con- 
struction the more convinced the members became that by reason of 
such construction being subjected to very severe heat and occasional 
chilling practically but little endurance could be expected. Before 
settling, therefore, upon any approved form of baffling arch the effort 
should be made to dispense entirely with any brickwork except a 
lining for a portion of the furnace length and a simple vertical bridge 
wall whose height could be increased or diminished at comparative 
trifling time, trouble, and expense. 

FURNACE FORMS FOR SCOTCH MARINE BOILERS. 

Scotch marine boilers, on account of their contracted volume of fur- 
nace, produce difficulties in the introduction of oil, and by reason of 
the small cubical space permissible for combustion purposes it is requi- 
site that careful stlidy should be given to the disposition of the brick- 
work in, or surrounding a furnace. It is, of course, quite possible to 
spray the oil at once into the metallic fire box or furnace of the Scotch 
boiler, the flame impinging on the cold surfaces of the steel plates; 
but although this is often done, yet it can not in any case be recom- 
mended as good practice. For successful combustion of oil it is requi- 
site that the issuing oil spray should not too early in its progress of 
combustion strike the chilled or comparatively cold surfaces of the 
metal work. Carefully designed oil-burning furnaces require that the 
furnaces should be either partial!}^ or wholly bricked around. 

As has been elsewhere shown in this report, the fact of heated brick- 
work is in itself a very great advantage in aiding combustion, and of 
still greater use in insuring perfect continuity of the heat supply, 
especially when burners tend to act in gusts, as they often do under 
improper action of the pumps, or where there is dirt or water in the 
oil supply. 

The brickwork surrounding the interior of the Scotch furnace ought 
not to constitute a serious loss in thermal effect, because the brick itself 
early becomes incandescent and transmits a large portion of its heat 
directly to the metal in a steady and continuous flow. 
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I Burner spraying directly into 
the round bricked furnace. Of- 
ten the bricking is omitted alto- 
gether, a practice not conducive to 
economy. 



n Burner spraying directly over 
paved grate, set with Are brick 
with air openings. By raking out 
the brick this furnace is at once 
available for coal. 



m Burner spraying into 
bricked furnace fitted with 
fire-brick wagon-top arch and sep- 
arate combustion chamber. 



TT7 Extended fire-box furnace, 
■^ » giving longer sweep to oil 
flame. The wagon-top arch and 
combustion chamber are provided. 



V 



Extended fire box with spe- 
cial spiralized air-heating de- 
vice intended for use with mechan- 
ical burners or burners for high 
efficiency. 



Aill law«« 



Flo. 98.— Oil-burning funiaoe formn f<jr Scotch boilers. 
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In the accompanying forms of furnaces shown the board has in all 
cases used or recommended for use, only simple forms of brick con- 
struction. Fig. 98 indicates in diagram the varied methods for burn- 
ing oil in Scotc»h furnaces. 

Furnace I indicates a corrugated furnace entirely surrounded with 
brick, and also bricked well up into the combustion chamber. The 
object of bricking into the combustion chamber, as shown, is for the 
purpose of protecting the back connection from the direct impact of 
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I Burner flprayingr directly into the round 
bricked furnace. Often the bricking la 
omitted altogether, a practice not conducive 
to economy. 
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the flames. The burner is installed in the middle of the fire door or 
furnace front, spraying directly into the round bricked furnace. This, 
it might be stated, is the general practice of firing oil into Scotch fur- 
naces, the whole volume of the furnace being utilized in which the 
combustion can take place. 
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n Burner spraying directly over paved 
grate, set with fire brick with air openings. 
By raking out the brick this furnace is at once 
available for coal. 
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Furnace II represents the combustion chamber still bricked, with 
the usual ))ridge wall left in place and the standard form of grate bars 
left intact; but on top of the grate bars is formed a paving of fire 
brick with interstices left between tlie bricks, or the bricks may be 
placed checker-wise. The bearing and grate bars with the ash pit neces- 
sarily take up so much of the cubical space of the furnace that it would 
be inexpedient to brick up the entire interior surface of the furnace, 
as in the former case, as there would not be left cubical volume suf- 
ficient to insure proper combustion. In the combustion of oil fuel 
it is recognized that as much volume should be allowed as the for- 
mation of the furnace permits. The burner is installed in the reg- 
ular fire door and sprays directly over the paved grate, the requisite 
air for combustion coming through the openings in the grate, and 
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perhaps also a certain amount along the burner opening. The advan- 
tage of the furnace setting on this plan is that the oil-burning installa- 
tion can be removed at very short notice, the paving of fire bricks on 
the grates can be easily raked out, and in the short space of an hour 
or more the furnace can be tiring under the use of coal. Many steam- 
ship managers prefer to ecmip their furnaces in this way, as they 
therefore feel that they are then in a position to make use of either 
fuel as the conditions of the market or the supply of fuel in the porta 
where their steamers visit will warrant. 







III 



Burner Hpraying into bricked 
furnace fitted with fire-brick 
wagon -top arch and separate eombu»- 
tion chamber. 
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Furnace III represents the Scotch furnace equipped with a small 
wagon-top arch, and behind the arch, space is left for a combustion 
chamber. The main part of the furnace is bricked over for the rea- 
sons as heretofore indicated, the portion not bricked being directly 
over the arch, for the purpose of not too seriously checking the flow 
of gases passing over the arch. The burner installed in the furnace 
mouth sprays rather downward and into the arch, the flame reverses 
on itself, flows over the arch into the combustion chamber and to the 
tubes. This furnace has the advantage of insuring an intimate mix- 
ture of the flames of combustion and gases, but has the disadvantage 
of shortening up the total length of the active part of the furnace. 
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TT7 Extended fire-box fumaoe, 
A V giving longer 8weep to oil 
flame. The wagon-top arch and com- 
bustion chamber are provided. 



Fig. 102. 



Furnace IV indicates a style of furnace setting similar to the pre- 
vious example, except that the furnace is extended outward by a pro- 
jecting casting, thus increasing the total available length of the furnace. 
This casing is filled with fire brick, and being over a portion of the oil 
flame, which is itself not very hot, the casing therefore does not radiate 
any disagreeable heat to the fire room. This form of setting has the 
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desired feature of affording a longer scope to the play of the oil flames, 
and consequently the gases are not so likely to pass to the tubes before 
complete combustion is attained. With the forms of burners desig- 
nated as straight-shot burners it is impoi'tant that this length of ex- 
tended furnace should be used in order to obtain the full advantage of 
the oil. The experiments of the Board have indicated that when the 
burners are located too near the bridge wall that a deposit of soot, 
coke, or carbon forms on the bridge wall, and in time is likeh^ to give 
trouble by choking up air passages or seriously decreasing the volume 
in the furnace. 
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V Extended tire box with speoia 
8pirallzed uir-hcatiiiK device in- 
tended for nse with mechanieal 
burners or burners for high effi 
ciency. 
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Furnace V is representative of a type of furnace so far made use 
of only where mechanical forms of bui'ners are used — that is, burners 
operating without the use of conipressed air or steam. When using 
these mechanical burners, as elsewhere shown in this report, it is a 
desideratum that the air for combustion should })e brought to the 
burners with as great a temperature as possible, and also, when condi- 
tions permit, it is desimble to give the air currents a certiiin amount 
of rotation. These hot twirling motions of the air are an important 
element in securing th«^ desired efficiency of the combustion. The 
bridge wall or the wagon-top arch may or may not be used, but in all 
classes of furnace it is desirable if possible to introduce them, provided 
a proper tire brick can be obtained which will stand the tremendous 
heat generated by oil-flamt* formation. 



OIL-ni;UNIN(J FURNACE FORMS FOR WATKR-TUHE BOII.ERS. 

Water-tube boilers have usually somewhat greater volume in their 
fire boxes than the furnaces of the Scotch boilers, consequently the 
opportunities are greater to arrange the brickwork to suit the pecu- 
liar conditions required hy oil fuel. With most of these boilers it is 
quite customary to put the })urners into the tire doors or the spaces 
which would have been occupied by tire doors. As a matter of fact, 
it would often l)e better to put the burner at the back of the boiler 
and fire toward the front of the furnace, as by this means the larger 
end of the furnace would receive the gases of combustion at the point 
where the greatest expansion was taking place. 
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IBumen ipniiDg into HiDBn 
open turasce. from which craW 
b&n have been rtmoved. 



n Bum en ■piKfing dlrectlf 
over ■ psTed gnte, Kt irllh Sre 
brick with opeuiagii lornlr. Bjnk- 
liigout ihe brick this furnace it at 

cim-e avaiUhle tor coal. 



V Furnace sited with flat oi 
wagoD-lop arche*. vllh a com 
buHlon chamber behind the arch. 



VI 



Furnace with bofralr flonr 



lebot-alr Boor and ai 



TrjTT Ezlenxion Iiunace wi 
V ill xpeclal iipirallttd a 
heating device. Intended for v 
vrUh mei-hanlinl bumen or boKH 
fur high cfflrlencT. 
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Owing to the fact that all the gauges, fittings, and connections are 
on the front of the boiler, it becomes an advantage to have the 
burner also, therefore, located on the front rather than on the back, 
where it would be practically inaccessible. In all the tests of the 
Board and in the proposed furnace modifications submitted the 
burners have been installed in the front of the furnace, as shown. 




I 



Burners spraying into square open furnace 
from which grate bars have been removed. 
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Fig. 105. 



Furnace I (fig. 105) indicates the Inirners spraying into the square 
open furnace of any of the standard water-tube boilers. The grate 
bars have been removed and the entire volume of the furnace is avail- 
able in which to effect combustion. 




n Burners spraying directly over a paved 
grate, set with fire brick with openings for 
air. By ralcing out the brick this furnace is at 
once available for coal. 
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Furnace II shows a modification in which the regular gnite bars 
have been left in place, and the gmte bars have been covered with a 
paving of fire brick, arranged with proper spacing !)etween bricks for 
the admission of air. The burners are adjusted to fire directly over 
the paved brick on the grates. This furnace has the advantage that 
at any time it is possible to nike out the fire brick and at once to return 
to the use of coal as a fuel. The disadvant^ige is, however, that the 
cubical contents of the furnace have been verv seriouslv reduced bv 
retaining the grates and the paving in place. 
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m Burners spraying into n ftirnace fitted for 
a hot-air floor. Also when necesstiry, a 
side opening for air. 



Fk;. 107. 



Furnace III shows th(» bottom of the furnace constructed of a thin 
la\'er of brickwork, so arranged that the impinging of the hot gases 
and the effects of radiation cause the floor to be heated to a consider- 
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able temperature. The entering air for combustion passing under 
this floor becomes quickly heated, and adds quite an element to the 
efficiency of the oil-burning operations. As shown in the detailed 
plans in this report, many of the tests of the Board were conducted 
with this style of flooring, and tlie results were usualh' found to Ije 
satisfactory for the purpose intended. 







IV 



Burners spraying intoa furnace fitted with 
flat arch or a series of wagon-top arches. 
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Furnace IV shows the introduction into the furnace of a flat arch 
or a series of wagon-top arches. The burner is arranged to point 
rather downward, so that the oil flame is directed under the arch, the 
current of the hot gases then reverse upon themselves, flow over 
the arch, and to the tubes. The introduction of the arch makes a 
desirable arrangement where the shape of furnace permits and where 
a satisfactory quality of fire brick can be obtained which will stand 
this rush of heat under and over it. Cored arches for this purpose 
have l>een designed in which a current of air is brought through the 
body of the arch, thus keeping down the temperature of the arch 
blocks theuLsclves, and at the same time imparting a considerable 
degree of temperatun^ to the incoming air. 




V 



Furnace fitted with flat or wagon top arch 
with a combustion chamber behind the arch. 



Fl«J. 109. 



Furnace V is essentially the same as in the previous class, except 
that behind the arch a small combustion chamber has been devised to 
permit of a further expansion of the hot gases and more intimate 
mixture after passing over the arch and l>efore entering the tubes. 
Constructed in this manner the furnace is liable to give trouble, due 
to the fact that the burner then is located too near the arch, and carbon 
will be deposited on or under the arch unless a burner of a short- 
spraying type is adopted. 
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Furnace VI is the same as the furnace represented in IV with the 
addition of the hot-air floor shown in furnace V. This combination 
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of the arch and the hot-air floor produce 
arrangement, and one cnlculated to give gooc 
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Furnace VII shows an extension furnace for affording additional 
sweep to the flames. This extension is bricked with fire brick so as 
not to radiate heat into the fireroom, and to incidentally impart some 
heat to the flame by radiation. The wagon-top arch, or flat arch, and 
the hot floor are also introduced for the advantages which each confer. 
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Furnace VIII shows an extension furnace, with special spiralized 
air-heating device, designed for use with mechanical burners or other 
burners where it is desinitde that the flames should be fed by a hot-air 
current. The arch formation can be used or not. as desired. 



VARIOUS Tl'l'ES or FURSACES. 

The hoard did not consider it advisable to undertake the experimen- 
tation with IkjiIlts of the usual forms, specially known as land tyiws, 
such as outside-tired shell lioilcrs, particularly as a large number 
of accurate oxjieriments have been conducted by others to determine 
the results and efficiency of oil consumption under such types of 
boilers. 
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Tho prevailintr opinion appears to be that the details of the arrange- 
ment of furnace for oil burning are more easily designed and installed 
for use under stationary Iwilers than in the marine type, owing to 
the fact that more room can be had for the nei.«ssary combustion 
space in the large and wide tire boxes in which proper distribution of 
Hi-e brick for the heated gases can be obtained. 
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There was, however, hi-oiight to the attention of the board the pos- 
sibilities of the use of oil in small vertical boilers, such as the types 
largely used on the standard launches of the United States Navy, or 
boilers of the small-tulic type, which are now usually installed io tor- 
pedo iHMits and torpedo-boat destroyers. The.se Wilers andtheir fire 
boxes are of numei-ous types, with the result that the tire-box coodi- 
tious likewise have great variation. 
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In fig. 113 is shown a cross section through the vertical water-tube 
type of boiler used in the standard navy launch. As proposed for 
the use of oil, the burner would be located in the center of the grate, 
the grate bars being covered with fire brick so placed as to allow 
numerous small openings to provide the requisite draft for combus- 
tion. The firing door proper would be bricked up, allowance being 
made for a sight-hole from which to view the operation of the fiame. 

CONFIRMATORY EV IDEXCK AS TO RKIilABILITY OF THE 
I>ATA SECURED BY THE I^IQL ID FUEL. BOARD. 

Previous to the conduct of these tests various engineering exj^erts 
had made reports showing that during experimental trials there had 
been evaporated from and at 212^^ as high as 17 pounds of water per 
pound of oil fuel. When the preliminary report of the board was 
issued, showing that no expert had been able under commercial condi- 
tions to secure with an ordinary marine boiler an evaj^oration of 15 
pounds of water per pound of oil combustible, where there was no 
heating of the air requisite for combustion, as in the Howden system, 
it was asserted in some quarters that there had been lack of knowledge 
or skill in the operation of the burners. 

The ]x>ard has received from one of the leading oil centers of this 
country the following data in regard to a comparative test of leading 
forms of oil burners used for manufacturing and marine purposes. 

Among other conclusions formed by the Liquid Fuel Board was the 
opinion that neither evaporative eflSciency nor capacity' was primarily 
dependent upon the design of oil ])urner, but that the character of the 
installation was all-important. This conclusion has been supported 
by these official tests since the burner designated ^'R," which was 
made of gas-pipe fittings, was one of the most efficient where there 
was not severe forcing of the lx)ilers. It should be stated that each 
of the burners, whose commercial names are represented by the let- 
ters '''A'"' to ''Q,'' inclusive, is a well-known patented appliance and a 
burner that finds a ready sale in special localities. 

It should be further stated that the seventeen distinct forms of burners 
used during thes(^ experiments were installed and operated by experts. 
While some of the tests were of very short duration, sufficient infor- 
mation was secured to show that it will l)e the rare exception in actual 
practice where the evapomtive results secured by the Liquid Fuel 
Board will be exceeded in actual comiyeicial or maritime practice. 
W^here the air requisite for combustion is heated, as in the Howden 
system, and where properly designed retarders are fitted in a Scotch 
boiler, and with an extension to the front of the furnace, the evapora- 
tive efficiency will be increased. It will be noted that the oil pres- 
sure as well as the pressure of the spraying medium wa.s different for 
the several burners. The several appliances were opemted under the 



i.'^ ■ ■- 



386 



NAVAL "liquid FUEL " REPORT. 



special conditions for which they were designed to be used, and thus 
the highest possible efficienc}^ was secured from them. There is not 
the slightest doubt but that the difference in results secured from oper- 
ation of the several forms of burners would have varied even more if 
the installation of auxiliaries and piping of the different devices had 
been left to other than experts. 

The data of these tests should be studied in connection with the sum- 
mary of the extended series of liquid-fuel tests conducted by the naval 
board. 



Designation of 
burner. 


1 

Re vol u- 
Dura- tions per 
tion of minute of 
test, air com- 
1 pressor. 

Hours. ' 

3 69.4 

6 55. 2 

4^ 41.8 

2 60. 3 


k Water evap- 
orated per 
hour from 
100° F. 

Pounds. 
4,851.5 

7,068 

4,761.9 

4,971.6 


Oil 

burned 

per hour. 

Pounds. 
488 

701.5 

461.4 

472 


Waterper 

pound of 

oil from 

and at 

100° F. 


Waterper 

pound of 

oil from 

and at 

212° F. 


Free air 

per 
burner 
per min- 
ute. 

Cubic Jt. 
54.5 

43.34 

32.8 

47.4 


Free air 

per pound 

of water 

from and 

at 212° F. 


A 


Pounds. 
9.94 

10.08 

10. 32 

10.53 


Pounds. 
11.48 

11.63 

11.92 

12.15 


Cubic /t. 
1.17 


B 


.6375 


C 


.7159 


D 


.99 


E 


6 


58 


5, 080. 9 


477. 5 


10.64 


12.24 


45.25 


.926 


F 


3 


56.6 


4, 675. 8 


430 


10.87 


12.54 


44.5 


.99 


( T 


6 


56 


5, 927. 46 


542.3 


10. 93 


12.63 


44 


.89 


H 


6 
3 
6 
6 

U 
54S 

6 


61.2 

38.6 

68 

42 

40.9 

60.7 

49 


5, 706. 6 
4, 010. 6 
5,172.48 
4, 658. 4 
5, 158. 9 
5, 379 
5, 310. 4 


520. 7 

364 

459.7 

411.5 

455 

470.4 

460.7 


10.96 
11.03 
11.25 
11.32 
11.34 
11.43 
11.53 


12.66 

12.7 

12.99 

13.07 

13.08 

13.19 

13. 30 


48.1 

30.4 

53. 42 

33 

32.1 

47.65 

39 


.875 


I 


.787 


J 


1.072 


K 


.846 


L 


.65 


M 


.921 


N 


.87 





6 


62. 75 


5,430 


471 


11.54 


13. 33 


49.3 


.943 


P 


6 


58.2 


6,369 


532 


11.98 


13. 82 


45.75 


.748 


Q 


3 


45.4 


5, 376 


444 


12.099 


13. 96 


35.6 


.69 
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Designation of 
burner. 


Free 
air per 
i>ound 

of oil 
bunied. 

Cubfr/f. 


Average 
tempera- 
ture of 
feed 
water. 

°P. 


Average 
tempera- 
ture of 
smoke- 
pipe 
gases. 

°P. 


Average 

steam 

presHure 

at boiler 

gauge. 

Pouttds. 


Average 

pre.sHure 

of air for 

atrmiiz- 

ing. 

Pounds. 


Horse- 
power of 
lx>iler.« 

1 


Average 

oil 
pn»ssure. 


; Free air 
per pound 
of water 
evap- 
orated 
from and 
at 100° F. 




1 


I*onn(is. 


' Cubic ft. 


A 


13.4 
7.41 
8.54 
12.05 
11.38 
12.4 
9.74 
11.08 
10 


99. 56 
102 
100.9 

99 

101. 5 
101 
102 
101 
100 


837. 5 
1,040 
698 
784 
792 
702 
800 
858 


94 

93 

94 

90 

92. 3 

90 

94 

94 

82. 3 


20 
20 
20 
20 
20 
20 
17 
20 
20 


162.4 
236 1 
159.4 

im 

170 
156 

198. 4 ' 
191 
134 


20. 6 

30.8 

14 

19 

18 

20 

10.3 

29. I 

20 
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B 


.736 


C 


: .827 


D 


1.144 


E 


1 

1.069 


F 


1.141 


G 


.891 


H 


1.011 


I 


1 

.907 


J 


13.9 


100.5 




94.6 


20 


173. 17 


10. 3 


1 1.239 


K 


9. ()2 


100.5 


973 


93. 5 


28. 5 


156 


20* 


.859 


L 


8.48 


101 


w 


w 


20 


172.6 


19.4 


.747 


M 


12. 16 


100 


{'} 


92 


60 


155. 91 


50 


1.06 


N 
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Above tests made with air atomizers. Heating surface of boiler, 1,180 square feet; grate surface 
of boiler, 27.5 square feet; 2 furna(;es, ;W inches diameter. 6 feet long; 9 Galloway tubes; 113 3-inch 
tube.s. 

Conditions imposed: (iravity of oil, 10 to 23 Bauim?; steam pressure allowed for atomizing, 80 
pounds per square inch of gauge; pressure of oil allowed at burners, 10 ptounds to 40 pounds per s<iuan! 
inch; steam pressure in boiler. 90 pounds per square inch; water to be evaporated per hour, 5,000 
pounds. 



NECESSITY OF 

llctween tiic seveiiil official tests conducted by the Nuvai Fuel Oil 
Board there were iiivari»l>ly undertaken a number of unofficial trials, 
and by reason of thin preliminary experimentation, important infor- 
mation was obtained and many improvementa suggested by modifying 
the various installations. Those receiving permission to install their 
appliances, invariably found it quite a different matter to operate 
burners when fitted to a boiler capable of developing 2,000 horse- 
power, from what it was to install the device on a steam generator that 
supplied the motive power to the machinery of either a small vessel 
or medium-sized manufacturing plant. 

With one or two cxception.s, no firm has been able, without conduct- 
ing preliminary te.sts, to tell the Ixmrd the best manner in which under 
forced-draft conditions their devices should be operated. In fact the 
details of installation of every burner officially tested was quite differ- 
ent from that projected at the beginning of the test. The two or 
three days that were given to expeiimentul trials invariably furnished 
surprises to the inventor. Probably no lietter illustration could be 
given of the lack of definite knowledge in regard to the correct 
way of operating burners than was shown during these testa by the 
inventors of oil burners in the management of such appliances. 

The experience of the Iward in this particular respect, shows th* 
necessity, for naval needs, of having disintei'csted experts conduct 
extended series of tests to determine the guiding principles, which 
should be followed in fitting different types of naval vessels for burn- 
ing liquid fuel. There lias been sufficient evidence already secured to 
prove that in all probability a sjK-cial design of installation will be 
required for diffewnt types of boilers. It can hardly be expected that 
an installation whit^-h could do efficient and economical work in some 
small land l>oilcr, will always be e({ually applicable to a large steam 
generator of the marine type. 

In noting the evaporative efficiency secured it should be remem- 
bered that the experimental boiler was designed for actual Navy con- 
ditions, and that the limitations prescribed by the Department as to 
height, weight, and floor space were of a severe nature. There was 
not only considerable radiation from the boiler, but the proportion of 
heating to grate surface was not as large as in land boilers, due to 
limitations imposed by the Navy Department. Taking these facta 
int<> consideration, the efficiency results are exceedingly satisfactory. 
The cajMcity tests have never lieen surpassed. The engineering world 
looked for comparative results from the series of testa that were con- 
ducted, and trustworthy information in this respect has been secured 
and furnished. 




SOURCES OF THE OIL. SUPPXiY U8EI> FOR EXPERIMEXTAIi 

PURPOSES. 

From various sources tlie Bureau received offers to supply free of 
cost at the wells all the oil required for experimental purposes. 
After careful investigation it was found that if such offers should be 
accepted, great difficulty would doubtless be experienced in securing 
shipment of the product to the experimental plant. As the facilities 
for the transportation of oil are practically controlled by a few cor- 
porate interests, the board soon discovered that in order to provide 
for an adequate and reliable supply of such fuel it would be essential 
to deal only with those who could guamntee the timely shipment of 
the oil requisite for experimental needs. 

It was fortunate that such action was taken, for by reason of the 
limited number of oil-tank cars in use, continued trouble was experi- 
enced in securing a sufficient supply of oil requisite for conducting 
the tests. 

No attempt was made to determine the evaporative efficiency of 
either the Pennsylvania or the Ohio crude petroleum product, since 
practically the bulk of the supply of these districts, pumped through 
the pipe line to the Atlantic coast, is used for illuminating purposes. 
For marine work, at least, the cost of such oil delivered at the seaboard 
is a bar to its use as a combustible. 

The tests were, therefore, made with the Texas and California 
products, for the reason that the output of these fields is not being 
entirely absorbed for illuminating and commercial reduction. The 
Texas oil was procured from the Standard Oil Company. The board 
is under special obligation to the officials of that corporation for 
assistance in keeping the experimental plant supplied with fuel. There 
were times when the supply of Texas oil reaching the North Atlantic 
ports was so limited that the orders of regular customers could only 
be supplied in part. The oil lequired for operating the naval experi- 
menting plant was often secured only through persistent appeals and 
by the active help of individuals connected with the service of this 
company. 

It required months of persistent effort to secure several car loads of 
the California product for experimental purposes, although the 
Engineer in Chief of the Navy, Rear-Admiral Melville, made urgent 
appeals to the presidents of various transcontinental railroads to fur- 
nish cars for the transportation of this oil. In order to expedite 
deliver}^ there w^as no limit placed on the cost of such shipment. 

It was finally through the personal effort of Dr. C. T. Deane, secre- 
tary of the California Petroleum Miners' Association, and Col. W. M. 
Bunker, the Washington representative of the San Francisco Chamber 
of Commerce, that three shipments of oil were secured. The board 
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takes this ocmyion to bear testimony to the oxtcnt and value of the 
information furnished by these gentlemen in regard to the develop- 
ment of the use of liquid fuel on the PaciHc c'oa.st. The personal 
work done by these ofBeiaU in aetjuuinting the board with the pos- 
sibilities of the oil development of California is deserving of the 
most substantial reeognition by all having an interest in the sub- 
ject, and particularly by alt connected with the development of the 
oil industrj' on the Pacific coast. The board has no hesitancy in 
stating that if it had not been for the reliable, L-ontinuous, and valuable 
supply of information tliat had been furnished the board during the 
past two years by these representative officials, the industrial, mari- 
time, and military importance of the California product to national 
interests could not have been appreciated in its fullness by the Liquid 
Fuel Board. 

There were cogent reasons why both the California and Texas 
products should be used under the same experimental boiler, and 
probably the only reliable comparative experiments ever conducted 
as to the ^'alue of the two productj^ were those made during these 
tcsti. 

From a naval standpoint it ma\' be much more important to further 
investigate the iwssibility of using the California rather than the Texas 
product. Coal is quite scarce and expensive on the Pacific coast, as 
compared with the output and cost on the Atlantic coast, while the 
reverse is the case as to the cost of oil. It will Ije on the Pacific 
coast, therefore, that oil will find iti^ most important use for naval 
pui-poses, and on this account the data in regard to the California 
protluct should be of .xubstuntial value. 

Protmbly no more impressive way could be shown of telling how 
unreliable is the source of supply of liquid fuel on the North Atlantic 
coast, than by stating that it was probably the personal appeals of indi- 
vidual.s, rather than the demands of the experimental plant, which 
insured the regular delivery of the comparatively limited quantity 
requisite for test purposes. The present lack of supply of the Texas 
product at the riorthern Atlantic ports, is possibly due to the fact that 
there are too few tank steamers in operation, and that the failure 
of a half dozen of such ves.scls at any time to make regular trips, 
always seriously embarrasses a large numlwr of special interests 
whose industrial demands compel them to use oil as a fuel. 

TIIK RKLATIVK VALUK OV COAL AND OIL AS A FUEL. 

Probably no more striking way of actually showing the relative com- 
mercial value of coal and oil as a fuel, could \ie presented than by stating 
that the Atchison, Topeka and Santa V6 Raili-oad Company made the 
following comparative tests, of the cost per train mile, of coal costing 
J6.65 per ton and petroleum costing J1.3S por l)arrel: 
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Twenty-five passenger and freight engines on a thirty-day run, used 
2,077 tons of oil and traveled 87,003 miles, or 41.0 miles per ton, or 
3,500 miles per month per engine. Oil at ^1.83 per barrel would, at 
this figure, cost 14.4 cents per mile. Twenty -five passenger and 
freight engines (same days, same track, and same condition) burning 
coal, cost 23.2 cents per mile. The oil was 15'-' Baume, about the same 
as the Kern River oil, which is 14-^ to 17^ Baume; this showed a sav- 
ing for oil of 38 per cent, and the experiment was tried with coal at 
$6.65 per ton. 

In this extended and practical test the cost of the oil per barrel wTis 
one-fifth of the cost of the coal per ton, while the resulting gain for 
oil was 38 per cent. Stated in another form, the value of the two 
fuels would be the same when the price of the coal in tons was three 
and one-half times the price of the oil in barrels. 

The appended chart showing the respective prices of crude oil at 
New York, San Francisco, and Point Sabine, as well as the prices at the 
Pennsylvania and California wells, will show tlie exceeding cheapness 
of the San Francisco product, and of the stability in price as compared 
with the Texas and particularly with the Pennsylvania yield. These 
prices, studied in connection with the oil productions of the various 
districts, ought to show the field for marine uses of crude petroleum 
that will eventually be found in the Gulf of Mexico and alonij: the Cal- 
ifornia coast. 

The fact that the Atchison, Topeka and Santa Fe Railroad Com- 
pany was compelled to pay $1.33 per barrel for fuel oil, although the 
road traversed an oil district, is striking evidence of the increase in cost 
over the price at the wells to the consumer by reason of the expense 
attendant upon light refining and transportation. 

Vr'xcvn of Tej'tta petrultuux ddivend at Texas seaboard. 
[Priros, in cents per barrel (»f -12 khUoiis. Maximum and minimum prices f' r each month.] 

1902— January 8 to 15 

Februarv 15 25 

Man h 15 30 

April 17 25 

Mav 20 25 

Juno 20 25 

July 15 20 

August 20 25 

Septi^nibor 25 ;55 

OctolxT 30 45 

Nov('nil:>or 35 40 

DeoemlxT 40 55 

li)03 — January 50 55 

February 52 60 

March ()5 « 85 

April 75 "85 

"Sales said to have been made at higher rates. 
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1903— May 70 to 80 

June 73 80 

July 35 60 

A ugust 25 35 

September 35 50 

OetolxT 30 50 

November 32 45 

December 45 70 

1904— January 30 52 

February IM) 50 

March 25 42 



Prices of Pennsyh^ania oil in Xew York market and at wells. 



Date. 



1901. 

April 

Mav 

June 

July 

August 

September . . 

October 

November . . 
December .. 



1902. 
Januar>' . . 
Februarv . . 

March 

April 

May 

June 

July 

AugUHt 

September, 
October . . 



Pennsylvania in 
New York market. 



Per 
gallon. 



CfnU. 
5.50 
4.70 
4.35 
4.35 
4.95 
4.95 
5.10 
5.10 
5.10 

4.65 
4.65 
4.65 
4.65 

4.a5 
4.a5 

4.85 
4.65 
4.65 
4. («) 



Per 
barrel. 



Penn- 
sylvania > 
at wells 
(pipe- line i 
certifi- i; 
rates ), per 
barrel. 



Date. 



$2.31 


$1.30 


1.97 


1.11 1 


1.83 


1.04 


1.83 


1.04 


2.09 


1.25 


2.09 


1.25 


2.14 


1.30 


2.14 


1.30 


2.14 


1.30 



1.95 
1.95 
1 . 95 
1.95 
2.04 
2.04 
2.04 
1.95 
1.95 
1. 95 



1.15 
1.15 
1.15 
1.15 
1.20 
1.20 
1.22 
1.22 
1.22 
1. 22 



Pennsylvania in 
New York market. 



Penn- 
sylvania 



1902. 
November . 
December . 

1903. 
January . . . 
February . . 

March 

April 

Mav 

June 

July 

August 

September. 
October . . . 
November . 
I)ec»ember . 

1904. 
January . . . 
Februarv . . 
March 



6.20 
5.95 
5.75 







at wells 


Per 
gallon. 


Per 
bairel. 


(pipe-line 
crertifl- 

eates), per 
barrel. 


C^tUs. 






4.90 


$2.06 


$1.33 


5.50 


2.31 


1.45 


5.75 


2.42 


1.54 


5.65 


2.37 


1.^0 


5.65 


2.37 


1.50 


5.65 


2.37 


1.50 


5.45 


2.29 


1.50 


5.65 


2.37 


1.50 


5.65 


2.37 


1.53 


5.65 


2.37 


1.56 


5.65 


2.37 


1.56 


5.95 


2.50 


1.62 


6.40 


2.69 


1.77 


6.40 


2.69 


1.87 



2.60 
2.50 
2.41 



1.85 
1.74 
L71 




CRUDE OIL I'KICES. 
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STUUCTrRAL, TRAIS^SPORTATIOX, ANI> 8UPPJLY FEATURES 
OF THE OIL-FUEI^ PROBT^EM GREAT BARS TO THE USE 
OF SUCH FUEL ON BOARD FIGHTING SHIPS. 

The mechanical or engineering feature of the oil fuel problem has 
been practically solved. The financial feature should not l)e regarded 
as of serious importance in the solution of any naval fuel problem, 
since it would be just a.s logical to fill the magazines of a warship with 
an inferior quality of powder as to stow the bunkers with a poor steam- 
ing fuel. The question of cost as to fuel supply for naval purposes 
should not, therefore, rcc(Mvo undue consideration. 

At the present time it is the structural, tmnsportation, and supply 
features which present the only serious difficulty to the adoption of 
the use of liquid fuel by the navies of the w^orld. 

The transportiition and supply features may be regarded as the com- 
mercial side of the problem. In regard to this phase of the question 
the Engineer in Chief of the Navy, in his annual report for 1902, thus 
comments: 

The (commercial feature of the liqiii<l-fuel problem relates to the question of cost 
and supply. It may be reganled as a certainty that, except wherein unusual condi- 
tions prevail, the cost of oil for marine pur[)08e8 will generally be greater than that 
of coal. The cost of oil, however, is less for vessels departing from the Gulf and 
California seaports, but the rule will probably hold elsewhere. While the question 
of cost should be of secondary importance in military matters, it must be taken into 
consideration in industrial matters. It is the expense of transportation that now 
prevents the oil from l)eing a cheap combustible for marine purposes, but this disad- 
vantage ought to l)e soon removed. While the oil may l)e put in the tank steamer 
very cheaply at ports like Point Sabine, its commercial value will be determined by 
the cost of delivery at commercial and maritime centers. This feature of the prob- 
lem is l)eyond the ability of the Navy to control, but it must be regarded as an 
im|K)rtant phasi* of the subject. 

In considering the matti»r of cost the fact should be remembered, however, that but 
eom|>anitively few tank steamers are carrying oil between Point Sabine and the 
North Atlantic seaports. The expense of fitting up these vessels has been very 
heavy, due to the fact that unexi)ecte<l difficulties develope<l in the cost of making 
the installations. This has compelled the owners of the oil steamers to charge com- 
paratively high prices for trans[K>rtation of the fuel. It can certainly be expected 
that when a large fleet of vessels are use<l for carrying oil and when terminal storage 
facilities are provided that there will be a material decrease in the price of oil in the 
leading cities on the coast. This is a very im[x)rtant commercial phase of the quee- 
tion, and shoul<l l>e carefully considenxl in determining the probable relative value 
of the two combustibles in the earlv future. 

It is undoubte<lly a fact that the transportation charges per mile for oil at the pres- 
ent time are excessive compare<l with the freightage for coal, and this incongniity 
of exi>ense account against oil can not continue much longer. 
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As regards the question of supply, it may \>e more expensive if not difficult to 
transport and to store oil than coal. The fumes of all petroleum compounds have 
great searching qualitiet*, and therefore extreme precaution will liave to be taken to 
guard the storage tanks. If it l)e true that for military purjioses it is l)est in time of 
war to keep all reserve fuel afloat, then liquid fuel is at a disadvantage in tliis resi)ect. 
The mining and railroad companies have invested so lieavily in the coal industry 
and the transportation facilities have been so perfecte<l that it is now possible to 
quickly deliver a cargo of coal at any point in the world. There has l>een, likewise, 
a development in the method of loading and unloading cargoes of coal. Since it will 
require progressive development to perfect the transportation and the storage of oil, 
and as the world's supply is still an unknown quantity, it will 1k' some time before 
there may be a reserve su])ply of oil at the principal seaports. 

It must also be rememl:)ered, when considering the problem of sui)piy, that the 
naval vessel must be kept in readiness for orders to proceed at any time to any port 
within her steaming radius. The merchant vessel steams l)etween regular seaports, 
where it would not be difficult to induce merchants to keep a supply of oil as soon 
as there is a regular and constant demand for it. The question of oil supply for 
battle ships and cniisers may therefore not only be a connnercial affair, but prove to 
be a military problem, since the oil requirements of naval vesst»ls for service condi- 
tions might only Ik' met by the Government establishing oil-fuel stations. The 
military asi)ect of the establishment of fuel stations may prove to be a serious prol>- 
lem, since it may not only necessitate heavy expenditures, but may involve the 
greater iwlitical (piestion as to the wisdom of maintaining a complete chain of fuel 
stations between countrv aud colonv. 

The more carefully, however, the structural problem a.s re^j^ards a 
fuel instiillation on a battle ship is considered, the more difficult and 
complicated appears its solution. The stonige of oil fuel on board the 
armored cruiser or battle ship, or what might be termed the struc- 
tural feature of the problem, is thus undoubtedly the great deterrent 
to the use of what may popularly l)e regarded as an incompanible fuel 
for war-ship purposes. 

In the war ship, the oil fucd will })rol)ably have to be carried below 
the protective deck; in fact, as far below the wat(»r line as possible. 
In the merchant service the tanks often rise to the height of the main 
deck. In the war ship, however, considerable space nmst be found in 
the lower portions of the vessel for the storage of anmiunition and 
ship's equipment, thus rendering it exceedingly difficult to secure 
beneath the protective deck sufficient space for the storage of the oil 
supply. 

Crude oil is a great searcher, and unusual care will have to be 
exercised in the construction of tanks or receptacles on board war ships 
for the stowing of such fuel. Some of the resulting gases from the 
volatilization of liijuid fuel are not only poisonous but explosive, and 
being nuich heavier than air, their removal from the storage tanks 
will be a verv difficult matter. 

Not onlv will it be necessarv to increase the numlx^r of fuel com- 
partments if oil is substituted for coal, but gnniter care will have to 
be exercised in making the bulkheads tight. In order to increase 
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the safety of such vessels it would be essential to have the various 
oil compartments absolutely distinct from each other. 

In the loading and unloading of oil-carr\ung steamers, fires are 
always hauled from the galleys and boilers of the vessels. On board 
the war ship, where a large crew has to be housed, the putting out of 
the galley fires would subject the crew to much inconvenience. The 
modern war ship is now crowded with so many auxiliaries, that st^am 
must be maintained in some of the boilers of naval vessels at all times, 
and therefore the dangers attendant upon the stowage of oil in war 
ships will be nmch greater than that in merchant vessels. 

It is the belief of the board that if oil fuel is ever used on board 
war ships, it will be essential to make the containing walls of the oil 
tanks much heavier than in the case of the ordinary water-tight bulk- 
head. The formation of heavy gases that will accumulate as the amount 
of liquid fuel decreases will constitute a great danger. The more 
the tanks are depleted the greater will be the danger from a possible 
explosion. The general structunil arrangement of the battle ship, even 
now is of such chai'acter that the satisfactory ventilation of every 
compartment has not been secured, and particularly will such be the 
case where the fuel supply is of oil rather than of coal. 

In all probability the great bulk of the oil in the war ship would 
have to be kept in the double bottoms. As the petroleum vapors are 
quite heavy, it may be a difficult matter to free these compartments of 
explosive gases, especially when the compartments are partly empty, 
liy reason of the great number of electrical appliances in use on board 
the war ship hundreds of sparks are likely to be caused, any one of 
which might cause an explosion and set the oil fuel on fire. 

In submarine boats no effective way of rapidlv removing the noxious 
and explosive hydrocarl)on gases from the gasoline engines has yet 
been devised, although the hulls of such boats are simple spindles with 
a large opening or coiming tower in the center. Experience with gaso- 
line vapors in this class of naval construction will give some idea of 
overcoming the greater problem of removing gases from the numer- 
ous small compartments of a battle ship. The difficulty of freeing the 
compartments of the heav\' and explosive gases is almost a problem 
within itself, and will require extended investigation and experiment 
before any naval iX)wer seriously considers the proposition of install- 
ing an oil-fuel system exclusively on l)oard a war ship. 

With oil as a fuel it will be essential to provide a very complex 
installation of piping. It may be necessary to make arrangements 
whereby live steam can be admitted to each compartment for the pur- 
pose of putting out fires and also for the removal of the heavy gases. 
The condensed water resulting from this steam will have to be removed 
to prevent corrosion of bulkheads. Experience may also show the 
necessity of having a system of piping whereby the oil compartments 
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could be flooded. Exceeding care will have to be used in making all 
joints, for if any leakage should reach the bilge and if the oil should 
then rise through the flooding of the bilges to the level of the fireroom 
plates the safety of the vessel might be endangered. 

In the case of passenger and freight steamers, the vessels are of 
sufficient length to permit the main supply of oil to be carried in an 
expansion trunk or Imnker extending the full width of the ship. It 
is also possible to have a cofferdam both forward and aft of this 
bunker, and thus leakage is quickly detected before such leakage has 
a chance to reach the double bottoms under the tirerooms. 



THE 8MOKK NUISANCE. 

One of the principal reasoiiw hi-retofore advanced for the ^neral 
use of oil i-ather than coiil, an a fuel for naval purposes waa the advan- 
tage that would accrue froui the alwlition of smoke. It seemed to he 
regarded as a inuttei- of i-ei-tiinty, that with the use of oil, complete 
combustion of tlie fuel could be secured before the gasea reached the 
haac of the funnel. Possibly three-fourths of those who advocated 
the substitution of oil for coal, us a fuel for naval purposes, had not the 
slightest doubt but that the prevention of smoke would, thereby, be as 
certain jis the oblitenition of ivfuse in the ash pan. 

There was hardly a naval writer who, in discussing the probable 
advance in naval construction, did not dwell upon the early prospect 
of dispensing with coal, and of the advantage that would ensue in hav- 
ing a fleet maneuver or establish a Idockade, using such an incompar- 
able smokeless fuel as crude oil. There were some naval strategists 
who regarded this advantage as one of the most important advances 
that would ensue in matters pertaining to naval engineering during 
the coming decade. 

Where the oil used has pa.ssed through several stages of refining, 
and wherever a limited amount of oil is burnt in an exceedingly regu- 
lar and uniform manner, then where an adequate and regular supply 
of air requisite for combustion is furnished, no smoke need appear. 
The ordinary household lamp may be regarded as an appliance for 
burning oil wherein all these necessary chemical and natural condi- 
tions are fulfilled. 

On shore it is possible to approximate to many of the necessary 
conditions essential for securing complete combustion in the burning 
of oil. for in the installation of a land boiler there arc but few limita- 
tions as to weight, floor space, or height. In arranging a battery of 
land boilers there can be effected such an installation that the man^e- 
ment of the firing can be absolutely controlled by some intelligent and 
competent water tender. The height of the stack need only be limited 
by the judgment of the engineer who designed the plant. And yet 
on .shore the burning of oil, as fuel, in large quantities has been carried 
on only with extreme difficulty a.i regards smoke, particularly irben 
there has I>een an attempt made to force the fires. 

An examination of the remarks made in connection with the differ- 
ent oil-fuel tests of the board will show that whenever an attempt was 
made, under .severe forced-draft conditions, to secure bd ezceediitK 
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large evaporative capacity, the {?moke nuisan(;e was encountered. B}' 
an arrangement of mirrors, the condition of affairs as regards smoke, 
at the top of the stack, was always under observation by the water 
tender; and the ability to make such observation was of inestimable 
benefit in calling attention to the condition, and thus leading to a 
readjustment of burners to secure a reduction of the smoke nuisance. 

Careful and long-continued observations upon tlie question of pre- 
venting smoke, convinced the board that with the use of water-tube 
boilers, as compared with the fire-tube boilers, the diflicult}" of effecting 
complete combustion })efore the gases reached the Iwise of the stack 
had enormously increased. The result of investigating the smoke 
problem, only confirms the following opinion, formed by the study of 
the question of the efliciency of water-tube boilers, and that is that the 
weakness of the modern water-tube boiler lies in its inefficient svstem 
of baffling. This baffling is of such a nature, that it is almost impossi- 
ble, under heavy forced-draft conditions, for complete combustion to bo 
effected within the proper places, or for low stack temperature to be 
secured. 

The burning of 40 pounds of coal per square foot of grate, or 25 
pounds of oil per square foot of sectional furnace area, should be 
demanded in boilers of the modern battle ship. The great cost of 
these war ships, approximating over $7,500,000, combined with the 
fact that these vessels are primarily built for the day of battle, makes 
it absolutely necessary, that the boilers should be capable of severe 
forcing. It is also essential that their cndunince under varied condi- 
tions should continue for at least six years after commissioning. The 
abolition of the smoke nuisance, when either coal or oil is used as a 
fuel, or when the consumption is forced beyond 40 pounds of coal per 
square foot of grate, or an equivalent consumption of oil; will probably 
never bo accomplished for extended work, until more space is given 
for the installation of boilers and fewer limitations are placed upon 
the weight and height of these appliances. The fire rooms of the 
present battle ship are so crowded with auxiliaries, and these auxiliaries 
are expected to serve so many purposes, that practicallv every condi- 
tion for ideal firing, as compared with the land installation of boilers 
has been obliterated. 

The existence of the smoke nuisance alone should cause naval expert^s 
to investigate the (juestion, as to whether the time has now arrived; 
w^hen a saving of weight effected b}' the removal of luxuries installed 
above the protective deck will not permit such spa<-e and weight thus 
gained to be assigned to an improvement of the boiler installation. 
Thus would it not })e possible to secure more complete combustion of 
the fuel under forced-draft conditions? 

In the attempt to prevent the smoke nuisance on board the war ship, 
particularly wliere oil is used as a fuel, it should be kept in mind that 
the installing of the boilers in difierent compartments produces differ- 
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out steaming roiiditioiis in the sevenil stokeholds, owing to the greater 
ease with which air tinds its way into some coniimrtments as compared 
witli others. Every marine engineer of exi>erienee knows that by 
rea^son of their loi*ation certain Innlers steam more freely than others. 

That there is a ditfereni-e in the natural air supply of the several 
firenxMn compartments, is evidenced by the fact that the lireroom force 
always tind when the ship is under steaming conditions, that certain 
compartments are more habitable than others. By reason of the 
structural arrangement of the ship, it will prolwbly l>e found impos- 
sible for the water tenders in the various compartments to ob.serve 
whether or not smoke is issuing from the funnel of the several boilers 
under their charge. Where several Iwilers discharge the products of 
combustion into one funnel, the problem is still further complicated. 
InsjKH'tion of the flame through peepholes in the furnace front is less 
satisfactory for detecting smoke than a glance at the funnel top. In 
view of the extended exjx^rience ac([uired in the conduct of these oil 
tests, it can 1k» safely affirmed, that in war ships fitted with protective 
decks, with an installation of water-tul>e l>oilers under forced-draft 
conditions, the smoke nuivsance is likely to prove more obnoxious 
with the use i»f oil than with the use of <'oal as a fuel. 

It is hopeless to exixH^t an improvement in this respect until iia\'al 
experts are ready to sacrifice either some of the luxuries or a small 
amount of the armor, so that the gain in weight secured thereby-, will 
permit the lengthening of the ship to a degree that would not only 
permit more fliwr s|>ace, but allow additional weight for the installa- 
tion of the Inittery of lx)ilers. A simple change in the form of the 
arch of the protective deck, might, in some cases greatly' improve 
matters, since this change would permit a much desired increase of 
height for installation i>f Imilers and also render possible the intro- 
du<*tion of some form of eii>nomizer that might be fitted in the uptake. 

The chemistry <>f combustion is exceedingly simple. In order to 
secun* the pn>|XM' supply of air for consumption in naval boilers, there 
must Ik» fewer limitations as to the manner in which the air supply 
stuiU Ik" o]>tainiHl. The oixMiings and air passages to the stokeholds 
are tiH> few and tiH> small. The danger from collision has l>een exag- 
g^M-jited; and if the fact wen* kept in mind, that for even' sailor who 
lost liis life fn^m such cause thei-e were at least two firemen who died 
fri»m causes incident to heat prostration: the question of ventilmtion, 
and of air supply to the fireriH>ms, would be regardeil more in connec- 
tion with the pn>blems of securing lx>iler efficiency and enduimnoe ms 
well a< of mitigsiting the smoke nuisance. 

In ciunuH'tion with this matter of obliterating smoke, it ahoold he 
stated that although the Invard had the advice and assistaiice of the 
most exjx^rienceil fuel exjvrt*. in the United States in devising means 
to secure Ci>mplete cimibustion. never in the experience of mnny 
citizens of Washington, had such clouds of smoke been seen comii^ 
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from a chimney as issued from the boiler stack of the experimental 
plant when oil tests were conducted imder strong forced-draft condi- 
tions. The smoke issuing from the stack during certain forced-draft 
tests was made a matter of official complaint by the civil authorities, 
and repeated warnings were given that the naval officials who were 
responsible for creating this excessive smoke nuisance, would be sub- 
jected to the penalty imposed by statute law. 

As a matter of fact, none of the inventors of liquid-fuel appli- 
ances had ever encountered boiler conditions approximating to those 
demanded of a nav al boiler in time of battle. Despite the extended 
shore experience of these experts, and the fact that an opportunity 
was given to them to improv^e matters, they were helpless to suggest 
a remedv. The fault could not be laid to the lack of skill of the 
crew of the U. S. 8. Rodgerx^ for the visiting experts gave unquali- 
fied testimony as to the competency of these men. The production 
of such smoke could not be ascribed to the special design of the 
experimental boiler, for the results secured during this extended 
series of tests show that the design is among the best of the marine 
type, whether viewed from the standpoint of econom\ , capacity, or 
endurance. 

The primary cause of the failure to secure complete combustion was 
due to the fact that too many limiting conditions are placed upon the 
designers of all marine boilers. In fact, the boilers have been too 
long regarded as tanks, whose installation and operation can be effi- 
ciently conducted in extremely limited space. The more one studies 
the naval-boiler problem, the more surprised he is at the high degree 
of boiler efficiency already attained, after contemplating the limited 
facilities for operation, examination, and repair. 

The Board desires to emphasize the fact that the opinion thus 
expressed as regards the difficulty of preventing smoke issuing from 
the top of the funnel, when there is a heavy consumption of oil under 
severe forced draft conditions, applies specially to naval water tube 
boilers. These are the conditions that would prevail on l)oard the 
war ship during the day of battle, for at such time ever}' boiler would 
be forced to its utmost. 

The increased space allowed for the installation of boilers in ships 
of the mercantile marine ought to cause conditions to be much more 
favorable to the obliteration of smoke where there is a use of oil fuel. 
In land lx)ilers the conditions ought to })e still more favonible to the 
smokeless burning of oil fuel, particularly where the consumption of 
fuel per square foot of heating surface is not excessive. 

In brief, the smoke question will exist proportionately to the limi- 
tations which are placed upon the design and installation of boilers, 
and thus the problem of obliterating smoke in land boilers ought to 
be comparatively eas}^ of solution in contrast to the eradication of the 
evil in boilers of naval vessels. 



GENERAL SCOPE AND DETAILED MAXAGEMENT OF EX- 
PERIMENTS OPEN TO THE INSPECTION OP TECHNICAL 
MARINE EXPERTS. 

From the t-oinmencemeiit of the experiments the l>oat^ established 
the policy of iwrmitting anyone directly or indirectly interested in 
maritime or naval affniifi to observe the conduct of the test. Him- 
dreds of persons were requested, and many accepted the invitation, to 
witness the manner of carrying on the experiments. Scores of experts 
representing commercial, manufacturing, maritime, and naval inter- 
ests spent hours at the plant. As it was recognized that it was not 
possible to withhold for any length of time any data that others might 
have a special interest in procuring, particularly as the experimental 
boiler was the property of a private corporation, there was no attempt 
to attach either mystery or importan<'e to the work. 

The Iwtard unreser^'ediy arranged for the taking of all data and for 
detennining the character and extent of the tests. Anyone directly 
or indirectly interested in the boiler, or in any mechanical appendage 
or auxiliary used in connection with the plant, was permitted to take 
a copy of the observed data. The onlj' condition imposed in regard 
to the collection of information l>y others was that there should be no 
interference with the conduct of the experiments. 

There was not an individual associated with the tesbi who did not 
become exceedingly interested in the work, and all were receptive for 
any information or advice that would tend to secure important and 
reliul)le data. These tests ought, therefore, to stand for all time as 
evidence of the intelligence and fairness of the Navy Department in 
the conduct of oAicial tests of appliances relating to the naval service. 
It is l>elieved that no more complete or exhaustive oil-fuel tests have 
ever been conducted under na\"al auspices, and it is doubtful if either 
in extent or reliability they have ever t>een e<jualed by cither private 
or corporate interests. 

There was but one complaint made as to the manner in which the 
testji were conducted, and that was from an inventor who, after 
having been granted two weeks to install his appliance and make 
pi*eliminary tests, demanded additional time for experimental pur- 
poses. The lequest was denied, l)ecause any attempt upon the part 
of a single individual to use the experimental plant as a meana of 
developing and perfecting special appliances not only subjected other 
inventors to delay and expense, but tended to abi'idge the scope of 
the experiments pi-ujected. It is only necessary to state in this 
special instance, that until the crew of the V. S. toi-pedo boat Rodgert 
8Uggeste<^l details in the installation of this special burner, its inventor 
was unable to secure any substantial or satisfactory results, either as 
regards economical efficiency, or evaporative capacity. 




NECESSITY OF RAPIDLY AI^D CliOSELY REGUI^TING THE 
ADMISSIOI^ OF AIR REQUISITE FOR C OMBITHTIOK. 

Where oil is used jis a fuel, there should he determined, by pnictical 
experiment for various conditions, the size of openings in ash pits 
requisite for admitting air essential for completing combustion. In 
the use of liquid fuel there will always be a tendency to admit too 
much air, and this should be checked by the installation of a series of 
dampers whose opening could be closely regulated. 

Where coal is used on the grates, such fuel remains for an appre- 
ciable interval of time on the bars, and thus checks the pajssage of air 
from the ash pit. The bed of incandescent fuel thus limits the amount 
of air that wnll reach the combustion chamber. 

Where oil is used as a fuel there is no corresponding interference 
with the draft from the ash i)it. On the contrary, the heating of the 
air increases the velocity of the current. The reduction in the time 
available for the diffusion of the particles of oil with the air undoubt- 
edly more than offsets the advantage due to the rapidity with which 
the subdivision of the oil particles is effected. 

One of the principal problems in successful oil })urning will thus 
be, to impede the flow of the gases so that complete diffusion of the 
particles of oil will take place in the combustion chamber and amid 
the tubes. Such devices as bridge walls, arches, deflectors, baflies, and 
other forms of furnace construction undoubtedh^ check in part the flow 
of the gases. The difKculty of impeding the flow of the gases will, 
therefore, prevent the economical installation of oil burners in special 
forms of bent water-tube boilers. It is probable* that oil-fuel installa- 
tions in marine water-tube ])oilers will be limited to those types 
which admit of extensive baflling. 

Precautions should also be taken that large volumes of air are not 
suddenly admitted to the furnace: otherwise these cold currents will 
cause soot to hi' deposited on the surfaces of the boiler. 

Where too much cold air is admitted above the })urners, through the 
furnace front, there is a tendency lo produce noise; in some cases 
there will be resulting explosions, sufticient to shake the boiler casings. 
The problem, there fon% as to the (juantity of air which should be 
admitted for completing combustion, as w(»ll as the manner of admis- 
sion of this air, will have a very important effect in many ways, upon 
the satisfactor}' use of oil as a fuel, either for manufacturing or marine 

purposes. 
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IXFT^UEXCK OF IIYGROMETRIO COXDITION OF THE ATMOS- 
PHERE AS REGARDS EFFICIEXCY AXD CAPACITT. 

The oil-fuel experiments had been condueted but a short period 
before it was observable that the hygrometric state of the atmosphere 
had an important influence upon, l>oth, evaporative efficiency, and 
evaporative capacity. 

That the humidity of the atmosphere is a determining factor as 
regards evaporative efficiency was specially demonstrated during test 
No. 15, of October 4, 11)02, in the log of which appears the following 
remarks: 

This test was intended to be a reproduction of that of September 22, and was to 
develop a jx^Hsible correction to be applied to the records of September 19, 20, and 22, 
on account of the dirty condition of the lH)iler during those tests (it haviogsince 
been blown down and the tulx»s cleane<l of soot). 

AVith the same air openings into the furnace as on Septeml)er 22, and with almoet 
exactly the same ]H'rcentage of steam used for spraying the oil, it waA impossible to 
burn more than 84 jwr cent of the oil burned then. This can be accounted for only 
by the difference in hygrometric condition on the two days, the air on this run being 
saturateil. This suggests the advisability of arlding the liygrometric condition of the 
atmosphere to the data recorded for each run. 

In the investigation of this matter both efficiency and capacity curves 
were plotted and compared with humidity curves for the periods 
covered by several tests. In each case the influence of humidity was 
specially noted. It is therefore reasonable to infer that when oper- 
ating a boiler at a given capacity the efficiency varies inversely with 
the humiditv. 

The decrea.se of efficiencv due to humiditv can be ascribed to two 
causes- - 

First. To the displacement of a certain amount of oxygen in a given 
volume of air by the moisture of the atmosphere, thus requiring an 
excess in volume of air for completing combustion, with consequent 
loss of heat in the stack. 

Second. To the decreased rapidity of diflfusion of the combustible 
gases with the oxygen due to the presence of the inert moisture. 

The abrupt termination of the oil tests prevented the special investi- 
gation of the influence of humidity of the atmosphere both as r^ards 
the evaporative efficienc\^and evaporative capacity of the experimental 
l)oiler. In making comparisons between different boilers it is thus 
essential that the hygrometric conditions of the atmosphere daringthe 
several test^ be taken into consideration. 
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WHERE Oil. IS USED AS FUEL THE HIGHEST CHAIIAC TKR 
OF IXSTAI^LATIOX MUST BE EFFECTED. 

The board was strikingly impressed with the fact that it will l>c 
found essential where oil is used as a fuel to effect the hij^hest char- 
acter of installation. All contemplating the use of such a fuel, should 
regard the building of storage tanks as a l>oilermaker\s job, and not as 
a work that should be intrusted to either a cooper or a tank builder. 
The first cost of a boilermaker's job, as regards tank construction maj' 
seem excessive as compared with the expense of having it done by 
manufacturers of ordinarv steel tanks. It is certain, however, that 
increased economy and safetv will result from such an instiillation. 

The introduction of all burners and their necessary piping, should 
likewise be intrusted only to expert steam titters possessing consider- 
able experience and knowledge of the action of crude patroleum 
vapors. The remarkable searching and destructive power of petro- 
leum gases, will l)e evidenced to the users of oil fuel, if any cheap 
installation of appliances is attempted. 

As it will be imperative to maintain an oil-fuel plant in the highest 
state of efficiency, the actual cost of upkeep of plant using oil as com- 
pared with coal will not be as economical as has been maintained. For 
a time an oil-fuel plant may be operated by cheap labor, but the con- 
tinued employment of such men will invite disaster. 

In regard to fuel-oil storage on ocean-going steamers, an observ- 
ance of the following general rules will prove exceedingly beneficial 
to ship owners, as well as those called upon to openite the plant. 
The board is indebted to Mr. J. U. Warner, the Pacific coast lepre- 
sentativ^e of the Hartford Steam Boiler Inspection and Insumnce (Com- 
pany, for valuable information in regard to the methods of successful 
installation on many steamers of the Pacific coast, and simple as the 
following rules are, they represent extended study and ex})erience of 
many users. 

For small independent tanks, not forming part of the double bot- 
tom, and which tanks are not more than four f(»et in Insight, the sIh»11 
plates should })e of stec^l of good quality and hcnivy enough to prevent 
the seams being opened by the motion of the ship or surging of the 
oil in anv weather. It is n^commended that for oc(»an st^Mimers the 
shell plates of these tanks !><» live-sixteenths of an inch in thickness 
and for inland steamers one-fourth of an inch in thickness. Wh(»ie 
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tanks of greater height-* are eonteniplatcd, Lloyd's or other rules as 
applicable, to water-tight Imlklieading should be used. 

The seauis of large eytindrical tanks should Imj double chain riveted, 
sheets laid dose and well calked. 

It is also recoiumended that the rivet holes be drilled instead of 
punched. They will then be fair, and rivets can be driven to properly 
till the holes to prevent leakage. 

In long tanks, suitable baffling or swash plates should he put in and 
securely fa--itened, to prevent the oil from surging. Under eaeh yinall 
tank, when the tank is separate from the ship's structure, there is 
required to lie a drip pan. This should be of lead weighing not less 
than $ pounds to the square foot. 

In deep tanks, when forming pait of the structural portion of the 
vessel, special attention should be given to the proper and ample pro- 
portioning of the bulkhead stiffeners. 

There should be no openings cut iuto the bottom, sides, or ends of 
the tanks; all inlets and outlets must be through the top. 

Reenforeing flanges should tie of wrought steel and properly riveted 
to the top of the tank for tilling, suction, and vent pipes. All tilling 
pipes should run to the bottom of the tanks, .so that when the tanks 
are tilled the ga.s will be expelled through the vent pipes. 

The man-plate opening should be of ample size (11 by 16 inches 
may do) to facilit^itc getting into the tank for any puiposc. The vent 
must imve an area equal to the diameter of the fliling pipe, and should 
be carried up above the superstructure of the vessel and have a non- 
return bend on the end and covered with a line copper- wire-gauze 
screen. 

No fuel oil is allowed to be carrie<l in the water bottoms mider the 
engine or boiler rooms on .steamci-s. 

*' Davie" safety Umps should be jn'ovided for engineers and for 
all directly emploj'cd in the tirerooms, so that if the electric-liffht 
plant is shut dowti they can be used in place of an open-flame lamp. 
The regulations of the United States Steamboat-Inspection Service 
require that for oil burning on freight vessels there shall be valves 
fitted in the connection between the supply tank and the boiler. 
With such a valve in.stalled the flow of oil at all times can either be 
regulated or cut off in <-ase it is desired to extinguish or check the 
fire. Where more tliun one tank is used for stowage of oil, and such 
tanks are connected for discharge of oil from one tank to another, 
arrangements miLst l>e made whereby such valves can be manipulated 
from the main deck of the steamer. 

While the numl>er of oil-fuel installations for marine work has 
greatly increased duritig the pa.st two years, increased consideratioD 
is being given the ([uestion of safety. It is in the direction of mak- 
ing sui'h plants more safe rather than more economical that extended 
improvement should now be made. 
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THERMAL EFFICIENC Y NOT INCREASED BY THE USE OF STEAM. 

There is a widespread iiiisconception regarding the part that the 
steam which is used for atomizing purposes plays in etfectiiig com- 
bustion. It is supposed by many, that after atomizing the oil, the 
steam is decomposed and that the hydrogen and carbon arc again 
united, thus producing heat and adding to the heat value of the fuel. 
While it may be true that the presence of steam may change the char- 
acter and sequence of the chemical reaction and result in the produc- 
tion of a higher temperature at some part of the flame, such an 
advantage will be offset l>y lower temperatures elsewhere between 
the grate and the base of the stack. All steam that enters the fur- 
nace will, if combustion is complete, pass up the stack as steam, also 
carrying with it a certain quantity of waste heat. The amount of this 
waste heat will depend upon the amount of steam and its temperature 
at entrance of the furnace. The (piantity of available heat, measured 
in thermal units, is undoubtedlv diminished bv the introduction of 
steam. In an efficient boiler it is cjuantit}^ of heat rather than 
intensity that is wanted. For many manufacturing purposes inten- 
sity of heat may be of primary importance, but in a marine steam 
generator a local intense heat is objectionable on other grounds than 
those of economv, viz, its liabilitv to cause leakv tubes and seams 
from the unequal expansion of heating surfaces. 

NAVAL RESEARCH SHOULD BE CONDUCTED ENTIRELY BY PERSONS 

WITHIN THE NAVY. 

The board desires to state that such experiments can not be con- 
ducted to the best interest of the service without the aid of a navy 
crew of firemen and observers. It is essential that the })oard should 
be able to call upon such crew for either day or night work. While 
most of the official tests were only of eight hours' duration, it required 
several hours to warm up the boiler and get things in good running 
shape. Then it requires one or two hours after the completion of the 
test to secure the plant and guard against fire. 

A civilian crew will only work eight hours, and then at stilted inter- 
vals. They demand extra compensation for overtime, and it i.s no easy 
matter to get them to stand up to forced-draft conditions, particularly 
when the higher air pressures are used. A crew of firemen that is 
changed from day to day, and who are apprehensive of their personal 
safetv when forced-draft trials are made, can not be interested in the 
work. The experiences of the Oil C^ity Boiler Works for over a year 
in the conduct of the coal experiments show excessive trouble, annoy- 
ance, expense, and delay arising from attempting to use such employees 
in experimental research. 
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The experimental crew must be under military control nnd disci- 
pline, and this can only be secured by having some vessel of the 
Nftvy, regularly in commission, assigned to duty in connection with 
an experimental board. 

The data submitted will best tell the work done during the past two 
years, by the complement forming the testing-staff. Which work and 
results were at all times carefully supervised by the personnel of the 
board, every member of which had otiier duties to perform as an 
official of the Bureau of Steam Engineering. Jn the collection of such 
data it is the chamcter and quality iiither than the quantity which 
the engineering world desires. 




THE WORIiD'S REIiATTTE PRODUCTION OF COAI. AIS^D 

CRUDE PETROI.EUM. 

A careful study of the latest reports of the United States Geological 
Survey, will show the relatively small production throughout the 
world, of crude petroleum as compared with coal. It is exceedingly 
important to note likewise that, judged from a naval standpoint, the 
distribution of the coal beds is much more extensive, and therefore 
much more advantageously located than that of the oil fields. This 
distribution of the world's fuel supply should be given special consid- 
eration in the study of the military phase of the oil-fuel problem. 

When it is considered that crude petroleum is extensively used in 
the arts and sciences, as well as for lubricating and illuminating pur- 
poses, it is probable that less than one-half of the world's production 
of crude petroleum is available for fuel. Regarding 3 to 3i^ barrels 
of oil as the equivalent of 1 ton of coal, it will be obsei*ved, from a 
comparison of the following tables, that less than three per cent of the 
world's production of fuel can possibly he secured f rata thexise of crude 
petroleum. 

Independent of the question of cost, the use of oil as fuel for either 
manufacturing, maritime, or naval purposes must therefore for a time 
bo considered as limited, by reason of the shortness of supply. 

While Russia produces about 44 per cent of the world's output of 
petroleum, her oil fields are not located advantageously for use, either 
by her navy, or by foreign commerce. From a military standpoint, 
the United States, which produces 48 per cent of the world's output, 
is the only naval power which could hope to utilize to any great extent 
this incomparable fuel for naval and maritime purposes. This is 
because the Texas and California oil fields are within companitively 
short distjinces of greal maritime ports and possible scenes of naval 
operations. 

world's pkoduction of coal. 

In the following table, prepared by the United States Geological 
Survey, is given the coal production of the principal countries, for the 
years nearest the one under review, for which figures could be 
obtained. For the sake of convenience the quantities are expressed 
ill the unit of measurement adopted in each count r\% and reduced for 
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comparison to short tons of 2,000 pounds. In each case the year is 
named for which the production is ^iven: 



Country and ii8ual unit. 



United States (1902) long tonn. 

Great Britain ( 1902) <lo. . . 

Germany ( 1902) metric tons. 

Austria-Hungary (1901) do... 

France (1902) do... 

Belgium (1901) do... 

Russia (1901) do... 

Canada (1902) short tons. 

Mexico ( 1902) metric tons. 

Japan (1900) do... 

India ( 1902) long tons. 

New South Wales (1902) do... 

Spain (1901) metric tons. 

New Zealand ( 1901 ) long tons. 

Sweden (1902) metric tons. 

Italy. (1901) do.., 

Holland (1900) do... 

South African Republic ( 1901 ) long tons. 

Queensland (1901) do... 

Victoria (1901) do... 

Natal (1902) do... 

Cape Colony (1900) do... 

Tasmania ( 1900) do. . . 

Other countries « do. . . 

Total 

Percentage of the United States , 



Quantity. 



Equivalen . 

in moTt tonft of 

2,000 poundtf. 



269, 277 

277, 095 

150,436 

41, 202, 

30,196 

22, 213 

16, 269 

7,639 

709 

7,429 

7,433 

5,942 

2,747 

1,227 

304 

425 

320 

671 

539 

209 

592 

198 

43 

2,000 



178 

042 , 

810 

902 

994 

410 I 

800 • 

225 

654 

457 

972 

Oil 

724 

638 

733 

614 

225 

532 

472 

329 

821 

451 

010 

000 



301,590 

310, 346 

165, 826 

45,417 

33,286 

24, 485 

17,934 

7,639 

782 

8, 187 

8,326 

6,655 

3,027 

1, 374 

335 

469 

352 

752 

604 

234 

663 

222 

48 

2,240 



940,803 



439 
447 
496 
959 
146 
842 
201 
225 
251 
262 
049 
052 
992 
955 
907 
154 
888 
116 
209 
448 
960 
265 
171 
000 



434 
32 



ainolu(l(>K('hina, Turkey, Servia, Portugal, ITnited States of Colombia, Chile, Borneo and Labuftn, 
Peni, (ireece, etc. 



WORIiD'S PRODUCTION OF CRUDK PETROX.EU1V1. 

The following table gives the production, approximately, of crude 
petroleum in all of the known countries of the world, together w^ith 
the percentages of each for 1901 and 1902, in terms of United States 
barrels, at 42 gallons per barrel of 231 cubic inches per gallon. A 
small estimated quantity has been placed under the head of ''all other 
countries." This quantity includes a primitive production in several 
of the South American States, Algeria in Africa, Persia, the Philip- 
pines, and China, from which no returns could be secured. 

The total increase in 1902 amounted to almost 12 per cent as com- 
pared with 1901 and to almost 25 per cent as compared with 1900. 
The most conspicuous items in the list are the increase in the produc- 
tion of the United States and the decrease in the production of Russia, 
the United States, for the first time in five 3"ears, surpassing Russia in 
production by 8,226,871 barrels. The United States and Russia pro- 
duced, in 1902, 91.44 per cent of the total output as compared with 
93.22 per cent in 1901 and with 94.13 per cent in 1900. Of the 
remaining 8.56 per cent, Sumatra, Java, Borneo, Galicia, and Rouma- 
nia, which furnished only 4.65 per cent in 1901, furnished 6.52 per 
cent in 1902, leaving 2.04 per cent of the total as the output of all 
the other producing countries. 

WorliVs production of rnide pdrolexun in 1901 and 1902. « 



1901. 



1902. 



Country. 



Quantity in bar- 
rels of 42 United 
State« gallons. 



Percentage 
of total. 



Quantity in bar- 
rels of 42 United 
States gallons. 



United States 69, 389, 194 



Canada 

Peru 

Rut^sia 

Galicia 

Sumatra, Java, and Borneo.. 

Roumania 

India 

Japan 

Germany 

Italy 

All other countries 



Total 



572, 500 

72, 261 

85, 168, 556 

3,251,544 

3, 038, 700 

1,406,160 

1,430,716 

1,100,000 

313, 630 

10,100 

20,000 



41.84 
.35 
.04 

51.38 
1.96 
1.84 
.85 
.86 
.67 
.19 



J --'I 



88, 766, 916 
520, 000 
60,000 
SO, 540, 045 
4, 142, 160 . 
5, 860, 000 ! 
2,059,930 ' 
1,617,36:^ 
1,193,000 
353,675 
12,000 
26,000 



165, 773, 361 100. 00 I 185, 151, 089 



Percentage 
of total. 



47.94 

.28 

.03 

43. 50 

2.24 

3.17 

1.11 

.87 

.64 

.20 

.02 
100.00 



« Report United States Geological Survey. 
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PRODUCTION OF CRUDE PETROLEUM IN UNITED STATES FROM 1859 TO 

1902, INCLUSIVE. 

In the following table will he found a statement of the production of 
crude petroleum in the United States from the beginning of produc- 
tion, marked by the drilling of the Colonel Drake well in 1859, up to and 
including the production of 1902, the table being by years and States. 

Proffuction of crude petroleum in the United Stales^ 1859-190S, by years and by State*. 

[Barrels of 42 gallonn.] 



Year. 



1859 2,000 

1860 500,000 

1861 2,U3,609 

1862 3,056,690 

1863 2,611,309 

1864 2,116,109 

1866 2,497,700 

1866 8.597,700 

1867 8,847,300 

1868 3,646,117 

1869 4,216,000 

1870 6,260,746 

1871 6,206,234 

1872 6,298,191 

1878 9,898,786 

1874 10,926.945 

1876 8.787,614 

1876 8,968,906 

1877 13.136,476 

1878 15,163.462 

1879 19,685,176 

1880 26,027,631 

1881 27,376,509 

1882 30,053,500 

1883 23,128,389 

1884 1 23,772,209 

1885 J j 20,776,041 

1886 ' 25,798,000 

1887 22,a')6,193 

1888 j 16,488,668 

1889 , 21.487,436 

1890 25,458,208 

1891 1 33.009,236 

1892 1 28,422,377 

1893 20,314,513 

1H94 1 19,019,990 



Pennaylva- 

nia and 
New York. 



Ohio. 



West Vir- 
ginia. 



California. 



Kentucky 
and Ten- 
nessee. 



Colorado. ' Indiana. 



1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 



Total 



19, 144, 390 
20,584,421 
19,262,066 
15,948,464 
14,374,512 
14,559,127 
13,831,996 
13, 183, GIO 



628.401.456 



a200.000 a3,000,000 



31.763 

29,888 

38,179 

29,112 

88,940 

83.867 

39,761 

47,632 

90,081 

661,580 

1,782,970 

6,022,632 

10,010,868 

12,471,466 

16,124,656 

17,740,301 

16,362,921 

16,249,769 

16,792,1M 

19,546,233 

23,911,169 

21,560,515 

18. 738, 708 

21, 142. 108 

22, 362, 730 

21,f>48,083 

21,014.231 



120,000 
172.000 
180,000 
180,000 
179,000 
151,000 
128,000 ' 
1*26,000 I 
90,000 I 
91,000 
102,000 ! 
146,000 I 
119.448 
644,113 
492,678 ; 
2,406.218 I 
8,810,066 I 
8,446,412 
8,677,624 
8, 120, 125 
10,019,770 
13,090,046 
13,615,101 
13,910,630 
16,195,675 
14, 177, 126 
13,513,345 



a 175, 000 

12,000 

13,000 

15,227 

19,a58 

40,662 

99.862 

128,636 

142,857 

262,000 

325,000 

377.146 

678,672 

690,333 

303,220 

807.360 

323,600 

886,049 

470, 179 

706,969 

1,208,482 

1,262,777 

1,903,411 

2,267,207 

2,642,095 

4,324,484 

8,786,830 

13,984,268 



b 160, 988 

4,755 

4.148 

6,1&I 

4,726 

4,791 

6,096 

6,400 

6,000 

9,000 

6,600 

3.000 

1,600 

1,500 

1.680 

322 

6.668 

18.280 

62,269 

137,259 

186,881 



283,751,317 131.701.296 41.834,478 



688,212 



76,296 ! 
297,612 I 
816.476 ' 
868,842 ! 
665,482 I 
824,000 
694,890 
616,746 
438,282 
861,460 
384,934 
444,888 
390,278 
817,886 
460,600 
896,901 



88,S75 

0.496 

136,684 

690,068 

2,88S,29S 

8,688,606 

4,886,182 

4,680«7a2 

4,122,856 

8,780,907 

8,848,182 

4,874,882 

5^757,086 

7,480,886 



6,852.906 45,886,215 



a Includes all pnxiuction prior to 1876. 

b Includes all petmleum produced in Kentucky and Tennessee prior to 1888. 
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Production of crude petroleum in the United States^ 1869-190:^^ etc. — Continued. 



Year. 



1859. 

i8eo. 

1861. 
1862. 
1863. 
1864. 
1866. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1876. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 



Illinoig. 



Kansas. 



Texan. 



MiSMHiri. 



Indian 
Terri- 
tory. 



Wyo- 
ming:. 



Louisi- 
ana. 



United 
States. 



Total .... 



1.4(>0 
900 
()-:> 
521 
•100 
300 
200 
2.t0 
500 
3()0 
WO 
200 

2rx) 

200 



500 , 
1,200 ' 
1,400 I 



18,000 

40,000 

44,430 

1 13, 571 

81,098 

71,980 

69. TOO 

74,714 

179,151 

331. 749 



48 

.54 
45 

50 

r.0 

,10 

1.450 

r.5. 975 

54fi. 070 

6<i9.013 

S3(;,039 

4,393,658 

18,083,658 



6,576 11,027.493 



24, 5%, 224 



20 

278 

25 

10 

50 

8 

10 

43 

19 

10 

^132 

•/1, 602 

«'2,335 

*857 



SO 

10 
130 

37 
170 
(125 



5,399 



6, 472 
10,000 
37,000 



2, 3ti9 
3,455 
2, S78 
3,650 
5, 475 
5,560 
5, 450 
5,400 
6,253 



54,554 I 40,490 



548, 617 



518,617 



2,000 

500.000 

2,113,609 

n 3, 056, 690 

2,611,309 

2,116,109 

2,497,700 

3,597,700 

3,347,300 

3,646,117 

4,215,000 

5,260,745 

5,205,234 

6,293,194 

9, 893, 786 

10,926,945 

612,162,614 

9,132,669 

13,350,363 

15,396,868 

19,914,146 

26,286,123 

27,661.238 

30,510,830 

23,449,633 

24,218.438 

21,858.785 

28,064,841 

28,283,483 

27,612,025 

3.5,163,513 

45,823,572 

M, 292, 655 

50,509,657 

48,431,066 

49,344,516 

52,892,276 

60,960,361 

c 60, 475, 516 

<• 55, 364, 233 

c 57, 070, 850 

63,620,629 

69,389,194 

88,766,916 

1,165,290,248 



n In addition to this quantity it is estimated that for want of a market some 10,000,000 barrels ran 
to waste in and prior to 1862 in the Pennsylvania fields; also a large quantity in West Virginia and 
Tenne.'wee. 

fe Includes all production prior to 1876 in Ohio, West Virginia, and California. 

«-In addition to this quantity, 4,325 barrels of crude oil were produced in Kentucky and Tennessee 
In 1896. 4,377 barrels in 1897 19',125 barrels in 1898, and 13,578 barrels in 1899, for which, as none was 
sold or used, no value could be given. 

rf Includes the production of Michigan. 

e Includes production of Michigan and small production in Oklahoma Territory. 
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The total output of crude petroleum since it was first discovered in 
quantity, in 1851), by Colonel Drake, on the waters of Oil Creek, near 
Titusville, Pa., to the end of 1902, amounted to 1,165,290,248 barrels. 
Allowing 5.6 cubic feet for 1 barrel, this quantity of petroleum would 
occupy 6,525,625,389 cubic feet of space, which would require a cube 
l,868i feet on each side to contain it. It would fill a tank whose base 
is one mile square to a height of 234 feet. It would likewise fill 
38,843 tanks containing 30,000 barrels each. Allowing 90 feet for the 
diameter of tanks of this size, if they were placed so that their sides 
would touch, they would reach a distance of 662 miles; or again, if 2i 
feet be allowed for the height of a barrel, and if these barrels, filled 
with all the domestic oil that has been produced, were laid so that their 
heads would touch, they would encircle the earth 2.28 times. If we 
estimate 3i barrels of petroleum as equal to 1 ton of average coal, we 
have a fuel equivalent represented by 332,940,071 tons of coal. 

Of the grand total of the crude petroleum produced in the United 
States from the beginning, in 1859, to the end of 1902, Pennsj'lvania 
and New York produced 53.9 per cent; Ohio, 24.3 per cent; West 
Virginia, 11.3 per cent; Indiana, 3.9 per cent; California, 3.6 per cent; 
Texas, 2.1 per cent; leaving 0.9 per cent to be supplied by the States 
of Kansas, Colorado, Louisiana, Illinois, Missouri, Indian Territory, 
Wyoming, Michigan, and Oklahoma Territory. 

PRODUCTION AND VAIiUE.a 

PRODUCTION BY STATES AND FIELDS. 

In the following table is given a statement of the total quantity, and 
the total value, of all crude petroleum produced in the United States 
in 1901 and 1902, by States and important districts: 

Total quantity and value of crude petroleum produced in the Ihiited States and average 

price ]>er barrel in 1901 and 1902. 



State and digtrict. 



1901. 



Quantity. 



California 

Colorado 

Illinois 

Indiana 

Indian Territory 

Kansas 

Kentucky and Tennessee 

Louisiana 

Michigan 

MiflHOuri 

Oklahoma Territor}' 

New York 



Barrels. 

8,786,330 

460,520 

2fi0 

5,757,086 

10.000 

179, 151 

137,259 



2,335 
1,206,618 



Value. 



Average 

price per 

barrel. 



94,974,540 

461,031 

1,260 

4,822,826 

7,126 

154,373 

111.627 



$0,566 
1.00 
5.00 
.8377 
.7125 
.862 
.813 



2,600 
1,460,008 



1.1136 



1.21 



1902. 



Quantity. 



Barrels. 

13,984,268 

896,901 

20O 

7,480,896 

37,000 

881,749 

185,331 

548,617 

867 

1,119,730 



Value. 



$4,873,617 

484,688 

1,000 

6,626,022 

82^90 

292,464 

141,044 

188,966 

1.S16 

1,580,862 



Avenge 

price |>er 

barrel. 



$0,848 
1.22 
6.00 
.872 
.87 
.88 
.76 
.844 

2.12 

1.887 



a Report United States Qeological Surrey. 
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Totul quantity and milue of crude petroleum produced in the United 8lnte»j elc.—ConiW. 





Quantity. 

BarreU. 
5.470,M.-)0 
10.176,293 
940 


1901. 
Value. 


1 Average 
price per 
barrel. 




1902. 




state and distrirt. 


Quantity. 

Barrel*. 
5.136.366 
15.877,730 
135 


Value. 

6,471,821 

14,284,072 

1,466 


Average 

price per 

barrel. 


Ohio: 

Eastern and southern 

Lima 

Mecca-Belden 


6.619,342 

13,911,612 

2.617 


1.21 

.86 
2.78 


1.26 
.899 
10.86 






Total 


21.648,083 


20,533,571 


; .948 


21.014,231 


20,767,359 


.988 






Pennsylvania: 

Franklin .• 


56, 162 

12,568,806 

1,410 


220,648 

15,208,256 

1.706 


4.00 
1.21 
1.21 


50,566 

12,012,125 

1,200 


199,432 

15,064,861 

1,800 


3.945 


Pennsylvania 


1.254 


Smiths Ferrv 


1.50 






Total 


12,625,378 


15,430,609 


1.222 


12,063,880 


15.266.093 


1.265 






Texas 


4,393.658 

14,164,662 
[ a 12, 464 


1,247,351 

17,139,241 
33,483 


.284 

1.21 
2.687 


18,083,658 

13,498,685 
« 14, 660 


3,998,097 

17.006,469 
38,848 


.2211 


West Virginia: 

West Virginia 


1.26— 


Petroleum 




Volcano 


2.309 






Total 


14,177,126 


17,172,724 


1.211 


13,513,345 


17,040,317 


1.261 






Wyoming 


5,400 


37,800 


7.00 


6,253 


43,771 


7.00 






Grand total 


69,389,194 


66,417,335 


.957+ 


<>88,766,916 


71,178,910 


.8019 







fProduction of light oil in Petroleum included with West Virginia's production. 
1 Production of light oil in Volcano included with West Virginia's production. 
6 In addition to this quantity. 76.538 barrels were produced in Kentucky, valued at 941,363; 489 
barrels in Missouri, valued at $842, and 431.359 barrels in Texas, valued atS176.634, which were tanked 
and unsold by the producing companies. The total quantity produced but not sold in 1902 was 
508,386 barrels, valued at $218,829; the total production in 1902, marketed and unmarketed, was there- 
fore 89,276,302 barrels, valued at $71,397,739. 

Production of (rude oil in California for 190S. 
[Reported by the Califoniia Petroleum Miners' Association.] 



District. 



Fullerton 

Puente 

Whittier 

Ix)8 Angeles 

Newhall and Ventura 

Suinmerland , 

Santa Maria , 

Kern River 

Sunset and Midwav . . 

McKittrick 

Coaiinga 

Sargenta 

Halfmoon Pay 

Total 



Producing 
wells. 


Production. 




Barrel*. 


138 


250,000 


80 


100,000 


. 103 


50,000 


984 


900,000 


325 


900,000 


190 


100,000 


24 


1,000,000 


750 


15,750,000 


120 


250,000 


76 


1,700,000 


115 


2,600,000 


4 


1,000 


5 


1,000 


2,914 


23, 602, 000 
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THE OIL PRODUCTION OF THE UNITED STATES AVAILABLE FOR FUEL 

PURPOSES. 

Careful consideration has been given the question as to the supply 
of crude petroleum in the United States available for fuel purposes. 
This matter has been specially investigated by Prof. Arthur L. 
Williston, of the Pratt Institute, Brooklyn, N. Y., who reports as 
follows: 

The supply of oil which is available for fuel in the United States, therefore, is, 
first, the small percentage (probably not over 2 or 3 per cent) of the total produc- 
tion of the Pennsylvania and Ohio oil — the residuum from the process of refining; 
second, crude oil from the Ohio and Indiana fields, wherever the price of coal 
makes the burning of oil at 95 cents or $1 per barrel (plus freight) profitable; third, 
those portions of the California oil which are not best suited for refining; fourth, 
practically the entire output of the Texas field. 

The demands for the better grades of oil for refining purposes will 
probably keep pace with its production; consequently we can never 
expect to see such grades of oil compete with coal to any large extent 

On the other hand, the refining value of the Texas oil and much of 
the California oil is so low that its value will probably always be 
largely controlled by the demand for it for fuel purposes. It is 
inconceivable that a fuel which has so many distinct advantages, and 
which is not unlimited in its supply, should sell in all markets at a 
price which would make it cheaper to burn than coal. An}^ great 
demand for such a fuel would bring its price up at once. 

On the other hand, so long as there is an assured supply of Texas 
and California fuel oil, the price of such oil that has little intrinsic value 
for refining, will probably remain low enough to enable it to compete 
successfully with coal, in those regions where coal is scarce in quantity 
and poor in qualit}'. And the area in which this condition exists is 
suflBciently wide to create a demand for the fuel oil that will soon equal 
the supply, unless further stores of oil are found as the demand for it 
increases. 

The fact should be remembered that in every oil region there is 
with each succeeding year a progressive proportionate increase in the 
percentage of the yield consumed for illuminating purposes. 



BCONOMICAIi ADVANTAGES OF AI^ OIT^-FUET^ II^STAL.- 

I/ATION. 

The relative evaporative efficiency of oil and coal as a fuel, as deter- 
mined by this extended series of compamtive experiments, is practi- 
cally in the proportion of 15 to 10. The actual superiority of oil will 
be considerably greater, for in the coal experiments unusual skill was 
exercised in the management of the tires. Lump coal of superior 
quality was used; and as the tests with coal were of comparatively 
short duration, the resulting loss from cleaning fires was much less 
than would occur in actual service. The oil experiments, however, 
were carried on under conditions that more closely approximated those 
that could be secured on board the seagoing vessel. The actual evapo- 
rative efficiency of a pound of oil as compared with a pound of coal 
will therefore be in the ratio of 17 to 10, and these figures can be 
regarded as substantially correct. 

It will be found, practically, that the thermal efficiency of a pound 
of oil is the same whether the oil be crude or refined. While the 
crude oils contain sulphur and other chemical elements that are low. in 
thermal efficiency, they contain substances that are particularly rich 
in hydrogen. In the process of distillation not only the sulphur 
but the rich hydrocarbons are lost, and it can thus be expected 
that in the commercial burning of oil as a fuel, the evaporative effi- 
ciency of the same weight of oil fuel from every field or district will 
be practically the same. 

From the standpoint of volume, therefore, it will be found that the 
highest evaporative results ought to be secured from the heaviest oil. 
As oil is sold by the gallon, and therefore by volume, the California 
product, from the fuel stiindpoint, ought thus to have an advantage 
over the yield from other fields. For some time, however, it c^m be 
expected that extm trouble and expense will be incurred in efficiently 
and uniformly burning heavy oils. There is not likely to be any actual 
advantage, therefore, from the use of heav}' oils as viewed from the 
standpoint of weight of fuel. 

Special experiments should be conducted to determine the l)est means 
of burning the heaviest of oils. The first distillation, however mild, is 
of great advantage in adapting crude petroleum as a fuel, since such 
slight refining not only reduces the explosive qualities of the oil, but 
materiallv decreases anv liabilitv of the oil to atfect bunker or boiler 
plates injuriously. The solution of the problems of cost, as well as of 
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transirartation, will likewise be greatly aided by effecting this refining 
as close as possible to the wells. It would certainly seem that the 
refinery should not l)e placed beyond the end of the pipe line or ter- 
minal marine shipping point. 

In noting the comparative economical efficiency, for naval purposes, 
of oil and coal, there must ali^o be taken into consideration the fact 
that a ton of oil can he stowed in somewhat less space than a ton of 
bituminous coal. Then, again. It must be considered that in the carry- 
ing of oil the compartments can be more completely filled. The rela- 
tive efficiency of oil and good steaming coal from the naval standpoint 
of fuel supply in war ships may thus be regarded as in the ratio of 18 
to 10. 

The board is therefore of the opinion, after special investigation 
of the compai-ative merits of coal and oil that, in regard to the evap- 
orative efficiency, a long ton of the best quality of coal, such as Cardiff 
or Pocahontas coal, is equivalent to four and one-half barrels of oil; 
and that, in a long ton of an inferior quality of coal, the evaporative 
effect will be that obtained from only three to three and a lialf barrels of 
oil. This comparison is based upon the assumption that, until greater 
volume is permissible for the installation of nav»l boilers, it wilt not 
l>e possible to secure, in actual naval pi'actice, an evaporation from and 
at 212"' F. of over 14 pounds of water per pound of oil fuel. Increased 
efficiency, however, may be secured by heating the air requisite for 
combustion, as in the Howden or some similar system, whereby the 
heat of the escaping gases is utilized for raising the temperature of 
the entering air requisite for combustion. 




THK EFFICIT:NCY AXB ENBrRAXCK OF THE irOIIFNSTEIN 

BOILFIl. 

The experimental boiler on which the extended seri<»s of coal and oil 
tests were made, was under the special observation of the board for 
a continuous period of twenty -seven months. During that time it was 
probably subjected to as severe usage as was ever applied to a marine 
water-tube boiler. 

Eighty-six official tests were made — sixty-nine with oil and seven- 
teen with coal. The first official coal test was made April 23, IJ^OI, and 
the last oil test June 17, 1903. There were conducted at least another 
hundred, short preliminary, or unofficial trials. During some of the 
unofficial tests the boiler was subjected to irregular and unusual service, 
and therefore the general work to which it was submitted probably 
represents ever}" practical condition under which a shore boiler would 
be operated. When the tests were completed, after twenty-seven 
months of experimentation the boiler had been subjected to more 
forced-draft pressure, exceeding 1 inch of water, than had been sus- 
tained by all the straight water-tube boilers in actual use in the 
American Navy during that period. 

There is no doubt that, by reason of the design and size of the down- 
casts, the circulation of the water in this boiler is exceedingly uniform 
and certain under the severest of forced-draft conditions. 

At the conclusion of the extended series of tests, every part of the 
boiler was carefull}" and criticall}^ examined by meml>ers of the 
board. Beyond the sweating of a calked seam, in the end of one of the 
mud drums, no leak was detected in the boiler. Portions of the lin- 
ings of the casings were considerably burnt. There was no evidence 
that any of the tul>es had sprung or buckled, and the Imffling was 
found intact. 

For feed purposes the ordinary muddy water of the Potomac hat! 
been used. There was seldom a week, during the two and one-half 
years, that the lx)iler was under trial, when at least one test was not 
made, and at no time was any owner of an oil burner required or per- 
mitted to delav a test on account of the condition of the water in the 
river. 

At the end of the experiments the interior of the tubes was found 
coated with a very hard deposit of sc^ale, strongly resembling cement 
paint in appearance and thickness. One large and one small tu^>e 
were cut out and put upon a planer and cut in halves lengthwise to 
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note whether there had been any grooving or corrosion. These tubes 
were selected from ix)rtions of the boiler, where it was presumed that 
the circulation was the poorest, and where the worst results could be 
expected. There was absolutely no evidence that there had been any 
appreciable change of appearance, of either exterior or interior sur- 
faces, either from corrosion or from the impact of the flow of the gases 
of combustion. 

There was no indication of grease; but this may be accounted for 
by reason of the fact that the steam generated was exhausted into the 
atmosphere and that the feed water was free of oil, except that con- 
tained in the river supply. 

The appearance of the drums and the tubes conclusively showed 
that there had not only been an efficient, but a very certain circulation. 
This was undoubtedl}' due, in great part, to the large sectional area 
of down(!ast tubes. As tersely and epigrammatically expressed by 
Rear- Admiral Melville, the design and construction of the downcast 
tubes caused ''A Niagara of supply to the lower drum and large lower 
tubes," thus absolutely insuring circulation. 

There were numerous instances, as noted in the remarks of the log 
of each daily test, where the boiler was subjected to what must be 
regarded as extremely serious risk, and it was by reason of the fact 
that the boiler was of excellent design and construction that neither 
danger nor disablement resulted to an}" portion of the structure. 
The feed-water supply failed, through no fault of the boiler, for brief 
periods, during quite a number of the tests. Special attention is 
called to the incidents of January 11, 1902, October 25, 1902, and 
January 5, 1908, wherein will be evidenced the fact that the boiler is 
not a tender appliance, but one suitable for naval purposes. 

Particular attention is called to the data in relation to the efficiency 
and capacity of the boiler. Estimating the horsepower upon a basis 
of 16 pounds of water evaporated per hour, the capacity results 
varied from about 500 to 1,938 horsepower. There was practically 
but little loss of efficiency when increasing the ash-pit pressure from 
natural draft to a pressure of 1 inch, for at the latter pressure an 
efficiency of over 70 p;*r cent was obtained. When forced-draft pres- 
sures of 2 and 3 inches were used in the firerooms, the efficiency fell 
to 60 per cent. When using 3i-inch pressures in the firerooms, and 
developing 2f times the i-ated power of the boiler, the efficiency fell 
to 53 per cent. It was only when an absolutel}^ inadequate number of 
burners were installed by one inventor, thus preventing a desirable 
stack temperature being secured, that the boiler showed the mini- 
mum efficiency of 49.23 per cent. It is exceedingly doubtful if, under 
maximum forced-draft conditions, greater evaporative capacity resalts 
have ever been secured, in a naval boiler, with so little loss of efficiency 
as was obtained during some of these capacity tests. 
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By reason of its efficiency, endurance, and evaporative capacity, this 
design of boiler should eventually become one of approved type for 
marine purposes. Its capacity to endure severe forced-draft condi- 
tions has been conclusively established, particularly for installation in 
vessels where there are not exacting limitations as to height. The 
board believes, however, that high evaporative efficiency can not be 
expected from any installation of stmight water-tube boilers where 
there are all manner of weight and space restrictions. The high 
opinion of this boiler is thus recorded after two and a half years' 
careful observation, during which period there should have developed 
any inherent weakness either as regards design or construction. 

The boiler is well adapted for installation in high-powered 
armored cruisers and battle ships, and in all marine installations where 
there are no severe restrictions as to height. It is thus suitable for 
naval purposes whether considered from any of the following stand- 
points: Evaporative efficienc}^ facility for repair or renewal, or for 
capacity to endure the severe stress to which the boiler would be sub- 
jected in times of emergency or in the day of battle. 



QUESTION OF FUEIi HUPFIiY ONI-Y OXE REMOVE IX IMFOR- 
TAXCE FROM THAT OF FOOD SITFPT^Y AS REGARDS OUR 
ACTUATE XAVAIi STREXGTII. 

Through a combination of favorable circumstances tlie steam navy 
of the United States has never been menaced bv the fear of a coal 
famine. As a matter of fact, neither in the civil war nor in the 
Spanish-American war were the operations of the Nav}" of the United 
States interfered with by a substantial opposing force, and thus the 
blockades of the South Atlantic and Gulf States, as well as of the 
Cuban ports, were carried on with the blockading vessels using a mini- 
mum amount of coal. There was practically no interruption to the 
delivery of fuel to any of our fleets during either the civil or Spanish- 
American wars, and therefore the fuel problem in the conduct of our 
naval operations has never been accorded the importance that it 
deserves. 

By reason of our acquisition of the Philippines and Hawaiian Islands, 
as well as b}^ reason of the future responsibility of defending the pro- 
jected isthmian canal, the scene of our probable future naval oper- 
ations will be at points less favorable to the United States than has 
existed in the past. It may be in the Pacific rather than on the Atlantic 
where our greatest naval battles of the future will be fought. In 
measuring our naval strength upon that ocean it must ever be kept in 
mind that the onl}" coal mined in California, Oregon, or Washington 
is of inferior quality, and that both the Australian and Japanese fuels 
are far superior to that mined anywhere on the Pacific coast of the 
American continent. 

Practically the only coal, therefore, fit for naval purposes found in 
countries bordering on the Pacific Ocean is mined outside the United' 
States, and thus the defense of the Hawaiian Islands, if not of certain 
portions of the California coast, may be greatly dependent upon our 
ability to use for emergenc}' purposes California oil as a fuel in our 
ships of war. In considei^ation of this fact the board is of the opinion 
that at least one vessel cruising on the Pacific coast should be «o 
arranged as to >)urn liquid fuel exclusivel}', and this vessel should be 
assigned to special experimental work of this nature for an extended 
period. There should be no attempt to use crude oil as an auxiliary 
fuel in this coast-defense vessel, but the effort should be boldly made 
to compel such vessel to rely exclusively upon the oil product. 

It will undoul)tedlv cost considerable monev to structurallv adapt a 
war vessel for safely holding a large supply of oil, but the future mill- 
422 
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tary necessities of the Pacific coast seem to demand that the experi- 
ment should be made. There would be commercial, maritime, and 
naval advantages accruing by the Nav}'^ Department engaging in this 
work, and one or two years' experiment along this line would be of 
incalcula))le benefit in showing to the Navy the military possibilitiei- 
of utilizing the oil-fuel supply of the Pacific coast for naval pui'poses. 

AN OIL-FUEL INSTALIJ^TION SHOULD BE EFFKCTFEl) IX ONE OF THE 
COAST-DEFENSE MONITORS OF THE PACIFIC SQUADRON. 

It is Uighl}' probable, unless greater importance is attached to the 
value of the factors of evapoi*ative efficiency, boiler capacity, steaming 
radius, and character of fuel supply, that the successful and exclusive 
use of oil on board an armored cruiser or battle ship can not be brought 
about for some years. When the time comes that the consumption of 
coal will be jealously guarded in some such degree as the expenditure 
of ammunition, then will the expense and difficulty attendant upon the 
introduction of liquid fuel on board the war ship Ik*, recognized in its 
fullness by naval experts. 

For coast-defense vessels, particularly on the Pacific coast, an oil- 
fuel installation ought to be more easily secured. It is in this direc- 
tion that practical tests should be made. In case an oil depot were 
established at Honolulu and one of the coast-defense monitors assigned 
to the ti'aining of men for the engineers' force, it might be possible to 
effect an oil-fuel installation in one of these monitors wherebv the 
advantages and disadvantages of oil as a fuel for naval purposes could 
be absolutelv ascertained. 

In order to secure actual information in regard to the relative merits 
of various boiler installations, the British Admiral t}" has placed the 
services of several war ships at the disposal of a naval-boiler commis- 
sion. The liquid-fuel problem is of such military importance to the 
United States Navy that it is not an unreasonable request which asks 
that one coast-defense vessel on the Pacific coast be immediatelv fitted 
for exclusively burning liquid fuel. In addition to the practical ben- 
efits that would accrue from carrying on extended oil-fuel experiments 
in a cruising vessel, the moral effect of initiating such an advance 
would be an inspiration to all interested in having the Navv Depart- 
ment utilize the immense oil resources that are found on the coast of 
the Pacific. 

AN OIL INSTALLATION SHOULD LIKEWISE BE INSTALLED IN SEVERAL 

TORPEIX) BOATS. 

The information and datii alreadv secured warrants the immediate 
installation of oil-fuel appliances on several torpedo boats and tor- 
pedo-boat destroyers, to test the adaptability of the water- tube boilers 
of bent-tube type for using this fuel. The installation should !>e 
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effected on boats of similar character, so that an earnest but friendly 
rivalry would be created between the crews of the several vessels. 
There will come development and success b}^ boldly equipping several 
boats with different types of installation. The morale of the torpedo- 
boat flotilla can be strengthened in no better way than by experiment- 
ing along this line. 

In all probability but one or two of the bent-tube types of boilers 
fitted in our torpedo boats or destroyers will burn oil efficientl}', unless 
extensive baflHing is resorted to in the boilers so as to more efficiently 
direct the products of combustion among the tubes. Extended tests 
should be made with torpedo boats to find out the best means of secur- 
ing an effective baffling, for the information secured will undoubtedly 
suggest important improvements as regards boiler management and 
design in the boilers of battle ships. 

TESTS CONDUCTED ABSOLUTELY AND EXCLUSIVELY BY A NATAL 

PERSONNEL. 

All the data recorded in this report was observed either by drafts- 
men connected with the Bureau of Steam Engineering U. S. Navy 
Department or b\' the enlisted personnel of the U. S. torpedo boat 
Rodgers, For ten successive months this torpedo boat was placed at 
the service of the Liquid Fuel Board, and during that entire period, 
with the exception of the time given to the routine work of keeping 
the ship in a state of efficiency, the duty of the crew was exclusively 
devoted to carrying on the oil-fuel experiments. 

The personnel of an efficient torpedo boat in commission must 
necessarily be representative of ability and integrity. The conduct 
and work of the crew of the Rodgers was thus of exceptional character, 
and the results secured were due, in great part, to the skill, intelli- 
gence, and endumnce of the enlisted force of this vessel. These men 
worked overtime repeatedly with the utmost cheerfulness, and stood 
ready from the beginning to the end of the tests to run any risk that 
would contribute to the value of the work. 

It was repeatedly the case that fires would be started early in the 
morning and continued late into the night in order to secure special 
data or to conduct particular experiments. Time and again, when run- 
ning under heavy forced-draft pressure, there would occur some tem- 
porary disabl(»ment of the feed pump, some interference with the 
feed-water supply, the breaking of a glass water gauge, or the blow- 
ing out of a small joint in a steam connection, and such mishaps would 
sometimes compel the crew to continue firing the boilers when the 
height of the water in the drum could only be approximately deter- 
mined. The experience of these men and their absolute confidence 
in the safety of the boiler thus prevented a single individual from 
ever leaving his station or neglecting the collection of data. Only 
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those who observed the manner in which these enlisted men per- 
formed the work assigned them can have the slightest knowledge of 
their interest in the tests. Sometimes there would be as many as 
twenty men actually employed in conducting this experimental work, 
for the value of the tests depended upon obtaining complete and 
trustworthy records. 

Special attention is called to the fact that the crew of the Rodgers 
operated all the various forms of oil-fuel burners that were experi- 
mented with. The board was insistent that every inventor should be 
responsible for the installation of each appliance. Such inventors 
were given to understand that any installation which could not be 
operated by the average engine-room force of seagoing ships, after 
some preliminary instruction and experience, would not be regarded as 
adaptable for either naval or maritime purposes. There was not a 
complaint made by any civilian expert as to the manner in which any 
liquid-fuel appliance was ever operated by the naval crew. The vari- 
ous burners were thiLS operated by the same people, and in the deter- 
mination of the comparative worth of the several appliances this fact 
should receive consideration. In connection with this matter it need 
only l>e stated that probably the most capable and practically experi- 
enced fuel expert of the Standard Oil Company repeatedly stated that 
no crew afloat was more capable of operating a fuel-oil installation 
than the enlisted force of the HocJgers. 

VALUABLE SERVK^K RENDERED BY VARIOUS ASSISTANTS. 

The conunanding oflicer of the U. S. torpedo boat Rodgers^ Lieut. 
John Halligan, jr., U. S. N., showed in himself such an example of zeal, 
efficiency, and professional ability that his personal work and service 
was to a considerable extent the inspiration that caused the enlisted 
force of the torpedo boat to secure results that have in many respects 
never been surpassed in experimental research and investigation. 

The board has no hesitation in stating that if it had not been for the 
untiring, intelligent, executive work of the commanding officer of the 
U. S. torpedo boat Rodgrr-s, no such extended series of tests could 
have been conducted during the period that the board was engaged in 
this special work. As typical of his zeal and engineering ability, as 
well as of his physical and moral courage, it is only necessary to state 
that in every time of possible danger he was always among the first to 
oiK»n and close the necessary valves to restore normal conditions. 
Whenever the tests were interfered with by the impairment of some 
auxiliary, although such tests had been in operation several hours, it 
was the invariable rule of Lieutenant Halligan to recommence the 
experiments, eve!i though it subjected his crew to continuous work 
from early morn until late at night. 
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These assistants should be ordered to accompany various naval tech- 
nical boards on all journeys of inspection so that they could assist not 
only in determining the capabilities and efficiencies of the appliances 
under observation and test, but would have an opportunity to observe 
the character of 4he organization and the methods of administration of 
great industrial plants. 

The information secured by members of the Liquid Fuel Board in 
their visits to various steamers and industrial establishments where 
oil was used as a fuel was of inestimable value in extending the char- 
acter of the oil-fuel experiments. The good of the service would have 
been greatly subserved, however, if a considerable number of young 
officers had accompanied the board on every inspection tour, and thus 
had been brought in touch with many of the ablest of the oil-fuel 
experts in charge of great power plants. 

It is undeniably the fact, paradoxical as it may seem, that the larger 
the technical board appointed to investigate a technical matter, the 
more knowledge of the subject will each individual member acquire. 
Where there is an earnest, spirited rivahy upon the part of various 
individuals to strengthen their position upon debatable points it can 
be expected that those holding divergent views will ever be on the 
lookout for special information to maintain their opinion. The final 
report thus submitted by a board of considei*able membership would, 
in general, be more comprehensive and valuable and command more 
respect than any report based on the views of a single expert. 

The best interests of the service would be attained by having 
junior officers appointed to associate membership on ever^^ important 
board, for thus there would always be on the active list some officer 
who would have knowledge of many facts in connection with the inves- 
tigation of naval matters that were not recorded in official reports. 
The members of the Liquid Fuel Board were strikingly impressed 
with the good that would have resulted to the naval service, if from 
the commencement to the end of the experiments some junior line 
officers had performed continuous duty in connection with the tests. 



C:OXCT.I\SU)XS DKRl^TED FROM A COMPARATIVE STUDY 

OF THE COAIi AND OII^ TESTS. 

In view of the cost incurred and the labor involved in conducting 
these experiments the manufacturing as well as the maritime world 
will be most, interested in noting the practical conclusions reached. 
It is hoped that the engineering profession will find much interest in 
and atUich proportionate value to the data collected. 

As a result of the extended series of tests the following conclusions 
have been drawn: 

1. That no diflSculty should be experienced by an intelligent fire- 
room force in burning oil in a uniform manner. It need likewise 
require but little experience upon the part of skilled water tenders 
to be able to detect, either from the character of the roar or hissing 
noise or by the color of the flame at different points, an approximate 
idea both as to evaporative output and efficiency conditions. 

2. For general purposes on shore, high-pressure steam is a more 
satisfactory spraying medium than air. The use of steam, however, 
as an atomizing agent for naval purposes will undoubtedly requii'e a 
considerable increase in the size of the evaporating plant, and this 
must be considered of importance. The necessary increase of the 
evaporating plant is practically the main objection to the employment 
of steam as the spraying medium for liquid fuel on board naval and 
merchant vessels. 

3. While the use of steam as a spraying medium will undoubtedly 
prove most satisfactory for general purposes, the results of the tests 
show that the consumption of fuel oil can not be forced to as great an 
extent with stejim as the atomizing agent as when highly heated com- 
pressed air is used for this purpose. As the war ship is designed to 
be operated at siiort notice under the severest forced-draft conditions, 
the (question will have to be considered, whether it is not more advisa- 
ble to fit air burners that would be found most efficient for the day of 
battle, rather than effect an installation of steam burners that are most 
desirable for general cruising. The advantages of air as the best 
spraying medium for severe forced-draft conditions, is due to the fact 
that this atomizing agent, after entering the furnace, is a supporter 
of combustion. With the use of steam as the atomizing agent the 
rarefied vapor simply displaces a certain portion of air that is requisite 
for complete combustion. If it were not for the fact that air com- 
pressors necessary for supplying an atomizing agent are very bulky 
and heavy, and require considerable room for their installation, tbe 
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question might be considered, whether for war-ship purposes it would 
not be advantageous to effect an installation whereby either air or 
steam could be used at will. 

4. That in every oil-fuel installation special provision should be* 
made for the removal of the water that will collect from various 
sources at the bottom of the supply tanks. Even a small amount of 
water pumped to the burners will interfere with the efficient and 
satisfactory work of an oil-fuel installation. As it is essential with 
every boiler plant to secure a uniform if not large output, the annoy- 
ance and evil of occasionally pumping water rather than oil to the 
burners can not be overestimated. 

5. That the evaporative efficiency of crude and refined oil is practi- 
cally the same, no matter from what locality the oil may come. The 
danger of using crude oil, however, is much greater. As it should not 
be an expensive matter to build refineries near one of the terminal 
points of a pipe line, the expense of such refining should not increase 
to a perceptible degree the cost of such fuel, since the sale of the by- 
products of crude oil would often pay in great part the expense of 
distillation. 

6. The great benefit of heating the air necessary for effecting com- ' 
bustion can not be doubted. 

7. In order to provide a uniform supply of oil to the burners the 
oil should be heated by some simple means. It can be expected that 
the burners will be operated much more satisfactorily when oil is thus 
heated. It being understood that the heating has been carried only 
to a point well below the temperature of the deposition of the hydro- 
carbons. 

8. Where the use of a liquid-fuel installation is projected, there 
should be a reserve of burners installed, and these burners should be 
of a design that would permit rapid examination, thorough overhaul- 
ing, and easy renewal of special parts by the fireroom force. Careful 
experiment as well as extended experience have shown that by 
increasing the number of burners there is not only a more uniform 
but a more efficient distribution of flame. There is also a minimizing 
of the blowpipe ett'oct, as well as a marked reduction in the amount 
of noise in the furnace. 

9. That the hygrometric state of the atmosphere has a noticeable 
influence upon the efficiency and capacity output of boilers. 

10. In order to secure in oil-fuel instiillations more uniformity of 
conditions in the furnace, and to decrease the noise where air is used 
as a spraying medium, an air-cushion tank for the oil-supply pump 
should be installed. Such a tank would break the pulsations of the 
pump and serve a similar purpose as the regulating air chamber of an 
ordinary feed pump. 

11. In view of the liability of every form of burner to clog, the 
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necessity of making special provision for straining the oil was emphat- 
ically shown. It would bo extremely adyisable to install a strainer 
both on the suction and discharge pipes of the oil-feed supply. These 
strainers should be of a design that would permit rapid examination 
and renewal, and one patterned after the Macomb type would meet 
all general requirements. 

12. Extended experience in the burning of crude oil will continn 
the opinion that the simpler the furnace the greater its efficiency. 
The erection of brick arches only ttMuls, in many cases, to reduce the 
volume of space necessary for effecting complete combustion. In 
Scotcli boilers there should be a simple yertical brick lining of the 
back combustion-chamber wall and a lining of the front end of 
furnace for about a third of its length. 

13. That no design of oil-fuel installation should be permitted for 
marine purposes which would not permit the renewal within twenty- 
four hours of all grnte and bearing bars, so that a return to coal could 
be accomplished within a reasonable time in case of failure of oil 
.supply. 

14. Where oil is used as a fuel in a Scotch boiler the introduction of 
retarders in the tubes will uiKloubtedly increase the evaporative effi- 
ciency of the l)oilers. The use of retarders will prove beneficial by 
reason of the fact that such deyices not only prevent the heated prod- 
ucts of combustion from passing too freely through the tul>es, but 
likewise cause a moi'e uniform distribution of these gases in their pas- 
sage through the tubes to the base of the stack. In thus causing a 
more uniform and effective heating of the tubes the liability of the 
end of the tul)e to lye burned is undoubtedly diminished. With oil as 
a fuel but little soot forms on the heating surfaces of the tul>es. Where 
retarders are not used in large tubes in an oil-fuel installation it is 
reasonable to ])resume that a certain portion of the gases of combas- 
tion reaches the smokestack without coming into contact with anj' of 
the boiler surfaces. Where coal, howeyer, is used as a fuel in a Scotch 
boiler the resulting coating of the tubes by soot generally reduces 
their sectional area to a degree sufficient to materially impede the flow 
of the gases of combustion, and therefore under such conditions the 
gases reach the base of the stack at a comparatively low temperature. 
Where oil is properly burned it can be regarded as a fact that the 
yelocity of the flow of the gases is greater than where coal is used, 
and therefore retarders should be used in the case of fire-tube boilers 
and incn»ase(l baffling in the case of water-tul>e l>oilers. 

15. An imijortant i)oint established has been that the calorimeter 
openings of water-tube boilers should be less than in the case of the 
Scotch l>oiler, w hether oil or coal be used as a fuel. 

1(). That marine firemen are not ill-disiM)sed toward the use of oiK 
It will be essential, howeyer, particularly for marine work, to secure 
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intelligent men for the operation of the burners. It will be found that 
resulting financial econoni}' will ensue by intrusting the management 
of oil-fuel installations to men of skill and judgment. Cheap labor 
can not be employed in this work; there will be resulting damage, 
annoyance, and danger if the operation of oil-fuel burners is assigned to 
unskilled labor. 

17. That the eflSciency of oil plants will be primarily dependent 
upon the character of the installation of fittings and auxiliaries. The 
form of the burner, so long as it is manufactured in accordance with 
general well-known principles and all its parts are accessible for 
overhauling, will pla}' a very small part in extending the use of crude 
petroleum. The method and character of the installation, however, 
are all important, and therefore the work of designing and constructing 
such a plant should only be intrusted to those who have given careful 
study to the matter and who have had extended practical experience 
in burning the crude produ(^t. Consumers should take special care 
that they neither purchase appliances that have been untried nor per- 
mit the installation to be effected In' persons who have had but limited 
experience in such work. 

18. Where crude petroleum has undergone a light refining or distil- 
lation no ill effects result to modern steel boilers. From the stand- 
point of endurance of the boiler the advantage, if any, is with oil. 
Crude oil, however, by reason of its searching and corrosive effects, 
has a greater tendency than refined oil to attack the seams and tubes 
of modern boilers. For marine work, therefore, no crude petroleum 
should be used, and particularly for ships making long voyages, the 
fuel oil should undergo some mild distillation before being placed in 
the tanks. 

19. That in the stowing of liquid fuel on board vessels, whether 
taken on ])oard for fuel purposes or for transportation in bulk, the 
compartments (containing the crude product should be as few as possi- 
ble, both for reasons of safety and for facility of delivery and discharge. 

20. That with the use of oil the forcing of a marine boiler should 
be much more readily accomplished than with the use of coal. 

21. That under severe forced-draft conditions and with water-tube 
boilers and with the use of oil as a fuel the solution of the smoke 
(juestion is nearly as remote as ever. Where a limited quantity of 
oil is burned in a Scotch boiler, however, and retarders are used in 
the tubes the burning crude petroleum should be smokeless. 

22. The value and necessity of installing a series of draft gauges 
between the ash pan and the base of the stack were conclusively shown. 
As a result of the study of the draft conditions at different points there 
were changes made in baffling the gases which were of decided benefit. 
It is therefore recommended that for experimental purposes a series 
of draft gauges be fitted to the boilers of several largo ships, since 
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the board is of the opinion that marked gain as to both the efficiency 
and capacity of naval boilers would be secured by a careful observa- 
tion and study of the draft condition at various points between ash- 
pan and smokestack. 

23. In order to secure for the day of battle increased speed for war 
ships, naval administrators are justified in demanding of manufacturers 
of water-tube boilers increased coal consumption per square foot of 
grate surface. The weight thus saved in the reduction of the number 
of boilers should be exclusively^ applied to giving the machinery 
greater endurance by using heavier boiler linings and casings and more 
substantial auxiliaries. The space gained in the reduction in the num- 
ber of boilers should be assigned to providing increased sized fire- 
rooms, evaporator rooms, and passageways in the boiler compart- 
ments. The fireroom conditions on board the modern battleship could 
not l>e much w^orse, whether viewed from the standpoint of providing 
for sanitary stokeholds or for an arrangement of firerooms where not 
only efficient stoking can be carried on, but an installation should be 
made in which there are adequate facilities for rapidly effecting rou- 
tine examination and repairs. It is not surprising that there is 
excessive expenditure as regards cost of repairs, as well as rapid and 
excessive depreciation, and that the boiler endurance is exceedingly 
limited when marine steam generators are cro^vded in the manner in 
which they are now installed. Under existing fireroom conditions 
auxiliary feed and bilge pumps are likewise installed directly in the 
firerooms and even in niches cut out of the bunker compartments. 
As now arranged the character of the installation of these appliances 
not only interferes with efficient stoking and repairs to the boilers, 
but the pumps themselves are constantly under either repairs or 
examination, due to the dust and grit which settle upon thieir work- 
ing parts and thus cause their early renewal. There can be no satis- 
factory installation of either coal or oil burning appliances until an 
increase of space is allowed for the operation and preservation of 
boiler installation. 

24. The absolute lack of endurance of both Scotch and mica water- 
gauge glasses for instiillation in boilers carrying over 250 pounds 
pressure and subject to forced-draft usage was condusiveh' estab- 
lished. Keflex water-gauge glasses should alone be used on toilers 
which are subject to heavy forced-draft conditions. 

25. Pmcticallv everv form of connnercial fire brick that was used 
in the lK)iler for the purpose of forming a deflecting arch disinte- 
grated either under the action of the intense heat generated, or due to 
the action of the acids in the oil or coal. In case anv fonn of arch or 
bridge wall is essential to the efficient or forced burning of liquid fuel, 
then sjxjcial ex|K»riments should be conducted to se^»ure a refractory 
brick that would possess endurance under the severest of forced-draft 
conditions. 
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26. For naval installations there should be supplied a fuel oil that 
will not flash under ITo"^ F. The higher flash point required for 
naval than for merchant vessels is essential for the following reasons: 

(a) The war vessel must be kept in readiness to proceed to the Tropics 
at immediate notice, and the firing of the guns subjects the naval ship 
to danger conditions to which other types of vessels are not exposed. 

(h) The fitting of numerous transverse bulkheads and a protective 
deck in a naval installation, combined with the fact that both machin- 
ery and boilers are exceedingly crowded, makes it extremely diflScult 
to properly ventilate ceitain compartments, and therefore in war ships 
it will be necessary to use special precautions both in the stowing and 
in the liandling of oil fuel. 

(r) The fact that a large number of men must be permanently 
housed beneath decks on the naval ships will make it diflicult to pre- 
vent the use of open lights in some of the lower compartments, and 
thus the danger of using oil as a fuel from this cause will always be 
greatest in naval vessels. 

27. There should be no attempt made to use oil as auxiliarv or sup- 
plementary to coal. Such an installation is certain to prove unsatis- 
factory, and the solution of the oil-fuel problem for naval purposes is 
only delayed by any attempt to inject a limited supply of oil fuel over 
a bed of incandescent coal. The mechanical feature of the problem 
having been satisfactorily met, the good of the service requires that 
an}' installation attempted should depend alone upon oil as a fuel and 
not an}^ combination with coal. 

28. In maritime construction no oil fuel should be carried in com- 
partments dircctl}' beneath the boilers. In case such compartments 
should ever be used as oil reservoirs, there might be danger of radi- 
ated heat from the boilers volatilizing and exploding some of the hydro- 
carbons of the fuel oil. In case, also, there was any puncturing of 
the inner bottom, the hot ashes might reach the oil. The possibility 
of oil also reaching the bilges through improper manipulation of the 
valves of the manifold boxes is specially liable to happen. 

29. The importance and necessity of always possessing a reserve 
supply of superior fuel were strikingly impressed upon the board, for 
during both the coal and oil experiments there was resulting delay 
due to the nondelivery of fuel. Special effort was taken at all times 
to maintain a reserve supply of coal, but from causes beyond the con- 
trol of the board shipments of such fuel would be delayed. Particu- 
larly was it found dithcult to secure hand-picked coal of superior 
quality, and in one instance such fuel could only be secured within 
reasonable time })y having it shipped at express mtes to the experi- 
mentid plant. The necessity of maintiiining at every navnl station 
a large invoice of hand-picked coal of the very best (juality, to be 
utilized for emergency and experimental purposes, was repeatedly 
emphasized. As for a reserve of coal for war purposes, it is highly 
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probable that in a content for the command of the sea an adequate 
reserve of fuel may be onl^' one remove in importance from the pos- 
session of a reserve of ships. 

30. In view of the fact that 48 per cent of the world's output of 
crude petroleum is produced in the United States, and that practically 
our entire yield is secured from fields which are in pipe-line commu- 
nication with important maritime and strategic ports, the board consid- 
ers that a joint conmiisaion, representing commercial, manufacturing, 
maritime, and naval interests, should be authorized by the Congress, 
whose province it would be to formulate such iiiles and regulations 
as would provide for an economical, efficient, enduring, and safe 
oil-fuel installation. Heretofore the oil-fuel problem has been princi- 
pally investigated b}' various individual interests which have sought 
to secure information along certain lines As a result there has not 
})een obtained that knowledge of the subject which would give to 
the country at large such development of the use of crude oil as a 
fuel as would be warranted, considering the natural advantages pos- 
sessed by the United States in having at its command near great sea- 
ports such a large proportionate supply of the world's production of 
the crude product. Particularly for the development of our commer- 
cial interests in the Gulf of Mexico and on the Pacific coast should the 
work of such a commission have an important influence in extending 
our prestige and power, whether viewed from a commercial, maritime, 
or naval standpoint. 

The Board would urgentl}' recommend that in all installations of 
water-tube boilers in naval vessels where economical boiler efficiencv 
has not been obtained, that the commanding officers of such vessels be 
directed to make some experiments with different arrangement of 
baffling, and that offi(»ial report be made of the performance of the 
Ixoilers under these various conditions. Particularlv is it recom- 
mended that where there is an excessive coal consumption per indi- 
cated horsepower, that the calorimeter nearest the base of the stack 
be n^duced so as to cause complete combustion to be effected amid and 
not beyond the tubes. The compilation of the data secured from 
baffling experiments on various types of boilers would undoubtedly 
suggest imj)()rt4Uit changes whereby the efficiency if not the endurance 
of such boilers would be increased. 

31. The board regards the engineering or mechanical feature of the 
li(|ui(l-fuel problem as having been practically and satisf actor iU' 
solved. For manufacturing purjwses the financial and supply features 
are the only hindrances to the use of crude petroleum as a standard 
fu(»l. For mercantile purposes the couuuercial and transportation 
features of the problem are existing bars which limit the use of oil 
fuel in merchant ships. For naval purposes there is the additional 
and serious difficulty to be overcome of providing a satisfactory and 
safe structural arrangement for carrying an adequate bunker supply. 
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32. That in the consideration of the problem of attemptinj^ to use 
oil a.s a fuel for either marine or naval purposes it should be particu- 
larly remembered that, by rexison of the economic and commercial 
demands for crude oil for illuminating, lubricating^, and other pur- 
poses, the available supply of the world's production of crude petro- 
leum that could be used as a fuel would not meet over 3 per cent 
of the world's demand for coal and other combustibles. For a time, 
therefore, the effort should be made to use oil fuel only for special 
purposes in particular localities. 

33. The board considers that what will eventually be recognized as 
the most important result of these extended experiments is the collec- 
tion of a great mass of trustworthy data concerning the comparative 
value of coal and oil as a fuel under various conditions. It should l)e 
observed that this datii was secured with painstaking care and checked 
at the earliest practicable time after each test. Wherever it was found 
that discrepancies existed in any experiment the test was repeated, in 
order to discover if possible the cause of the inconsistency. There 
has also been secured very complete and trustworthy data in regard to 
boiler efficiency and capacity. 

In conclusion, the board desires to call attention to the fact that 
these experiments continued uninterruptedly for a period of twenty- 
eight months, and that for a considerable portion of this time there 
were no fewer than six commissioned officers giving special considera- 
tion to this su])ject. There were also employed in connection with 
this duty skilled draftsmen and experts of the Bureau of Steam Engi- 
neering, as well as members of the Bureau's clerical staff. For one 
year there were availaVjle for this experimental w^ork the entire crew 
of the torpedo boat Rod/jt^'s, 

The work represents an immense amount of labor, and as the lK)ard 
has been in correspondence with nearly every interest directly or indi- 
rectlv concerned with the use of oil as a (combustible, it is believed 
that the report submitted will not only be of value to the Navy 
Department, but to the manufacturing and mercantile business inter- 
ests of the nation. 

Very respectfully, John K. Edwards, 

W. M. Parks, 

F. H. Bailey, 

To the (^HIEF OF THK BURKAU OF StEAM EnCUNEERINO. 

Approved August 1, UM»3. 

Ged. W. Melville, 

liair-Adiniral and Engtiird'-ln-Chlef^ I . S, A^, 

1 7/ ief of Bnren n of Steam Kmjineenn<j, 
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